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THE ACTION ANILINE GLUCOSE WATER 
SOLUTION THE PRESENCE ACETIC ACID' 


Abstract 


was found that water solutions glucose, aniline and acetic acid yield 
brown amorphous precipitate. Further, this precipitate was produced 
result the preliminary formation glucose-anilide and then the further 
action acetic acid the anilide. 

The amount and speed formation glucose-anilide (produced the solution 
glucose, aniline and acetic acid) were found increase marked extent with 
increase the concentration aniline and acetic acid. 

Evidence for the conversion the stable amylene-oxide glucose-anilide the 
more reactive glucose anil was obtained. 

Attempts separate the colored material into different fractions and 
identify them are described. 


Introduction 


When glucose and aniline alcoholic solution are heated together, com- 
paratively stable compound, glucose-anilide, formed. the other hand, 
when glucose alcohol allowed react room temperature with aniline 
the presence acetic acid, when acetic acid added glucose-anilide 
alcohol, the reaction apparently goes further and results the production 
brown substances containing nitrogen (3, 5). 

The formation these nitrogenous condensation products may ex- 
plained various ways but all the explanations involve the supposition 
that the amylene-oxide glucose-anilide first changed glucose anil, 
This may then hydrolyzed, and the 
aldehyde-glucose broken down glyoxal, 


The glyoxal may then react with the aniline give nitrogenous 
ring compounds. With benzylamine, glucose and acetic acid, has been 
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shown (5) that methyl glyoxal formed. The glucose anil may change 
the corresponding enol form and this condensation may form the final 
products, thus: 


This enol compound may then condense indol derivative, follows: 


HOCR 

acid 


The experimental part study the reaction glucose, aniline and acetic 
acid water-solution. was found that this reaction aqueous solution 
similar that when alcohol the solvent (3, 5). 

The extent and speed formation glucose-anilide, measured the 
polariscope, solutions glucose, aniline and acetic acid, increased 
marked degree with increase the concentration aniline and acetic acid. 

The disappearance aniline from the reaction mixture was followed 
means reagent and glucose, means Bertrand’s reagent 
(1). 

Solutions glucose, aniline and acetic acid showed reactivity greater 
than that any one the components. Thus, such solutions glucose, 
aniline and acetic acid, two days old, the aniljne was more readily oxidized 
quinone potassium dichromate than was aniline the presence acetic 
acid. 

Attempts were made separate the amorphous precipitate produced from 
water solutions glucose, aniline and acetic acid, into different fractions and 
identify these. 


Experimental 

Water 

That the formation the brown amorphous precipitate aqueous solutions 
glucose, aniline and acetic acid due, (a) the formation glucose- 
anilide and (b) the further action the acetic acid the compound 
shown below. 

(a) aqueous solution glucose, which had stood for hr. was 
added 34.875 gm. aniline m.p.*) and 22.5 gm. acetic acid m.p.) and 
the volume was made 250 cc. with water. The solution was allowed 
stand room temperature (22° C.) for the rotation had fallen 
its lowest negative value The yellow solution was then neutralized 
with sodium hydroxide and extracted with ether remove the excess 
aniline. The solution was next distilled dryness under diminished pressure 
The white residue was dissolved alcohol, cooled with 


tSee also Reference (2). 
proportions. 


filtration, washed thoroughly with anhydrous ether and dried vacuum. 
There was thus obtained 31.71 gm. mixture sodium acetate and 
glucose-anilide. That the latter was present was shown the formation 
tribromoaniline. Thus solution 0.6 gm. the white precipitate 
gave, treatment with Vaubel’s reagent, 0.272 gm. tribromoaniline 
m.p. 115°-116° From this and similar experiment was calculated 
that the mixture contained 1.3 gm. glucose-anilide 12.2% the 
weight theoretically possible. 

(b) Glucose-anilide was prepared heating together glucose, aniline and 
alcohol, according (8) directions. The raw product was recrystal- 
lized four times solution alcohol and precipitation with anhydrous 
ether. There was thus obtained 29% yield pure glucose-anilide. 

100-cc. portion aqueous solution 4.25 gm. glucose-anilide, 
and gm. acetic acid room temperature (22°-23° C.) became yellow two 
days and brown precipitate had just started form. This precipitate 
gradually increased amount and the solution remained yellow color. 
100 days this brown precipitate was filtered, dried and weighed. Its weight 
was heating darkened and started shrink between 140°-142° 
C., charred and expanded between 200°-202° and 250° was still 
expanding but did not melt. 

the other hand cc. aqueous solution 2.125 gm. glucose- 
anilide room temperature (22°-23° C.) was still colorless after four days and 
after eight days only slight yellow color had appeared. 100 days the 
solution was still light yellow and precipitate had formed. The solution 
reduced Fehling’s solution that time. 

The effect acetic acid the rotation glucose-anilide aqueous solution 
was also observed, given Table Time was computed from contact 
the glucose-anilide with the water. 


TABLE 


ROTATION POLARIZED LIGHT SOLUTION ACETIC ACID AND GLUCOSE-ANILIDE 
WATER, AFTER VARIOUS INTERVALS 


ANILINE GLUCOSE WATER WITH ACETIC ACID 239 
ice, and precipitated with ether. The precipitate which formed was removed 


acetic acid added 


0.5 gm. m.p.) Acetic acid added 


*Glucose anilide, 2.125 water cc.; tube, temperature, 22° 23°C. 
value observed, only the more pertinent readings recorded. 


connection with Table might pointed out that when there was 
acid present, the rotation the solution glucose-anilide gradually became 


4 
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Fic. Effect acetic acid 
the rotation glucose-anilide 
water solution. 


more negative; according Irvine and 
Gilmour (7) this due the conversion 
the the The maximum 
negative value was recorded 
2.5 hr.; after that time the change rota- 
tion was probably due hydrolysis. 
Using the maximum negative value, 
the specific rotation for glucose- 
anilide water was calculated 
—77.6°. 

Irvine and Gilmour record specific 
rotation —77.7° for glucose-anilide 
water, but when trace acid 
was added. was found here that when 
acid was present, the maximum negative 
value, —2.32°, was recorded one hour 
from the time adding water 
min. from the time that the acetic acid 
was added. This supports the evidence 
Irvine and Gilmour that the a-isomer 
very rapidly changed the 


the presence acid. Not only this true but the rotation quickly becomes 
less negative when acid present; this doubtless due, part least, 
hydrolysis the glucose-anilide. The effect acid the rotation glucose- 


anilide clearly shown Fig. 


Glucose, Aniline and Acetic Acid 


The following experiments show the effect 
increasing the concentration aniline 
and acetic acid the formation glucose- 
anilide. The reactions were followed 


the 


Three aqueous solutions containing 7.5 
gm. glucose were made and allowed 
stand for hr. that the rotation 
might become constant. the first 
these was added 2.5 gm. m.p.) acetic 
acid and 3.875 gm. m.p.) freshly dis- 
tilled aniline; the second 7.5 gm. 
m.p.) acetic acid and 11.625 gm. 
freshly distilled aniline; and the third 
22.5 gm. m.p.) acetic acid and 34.875 
gm. m.p.) freshly distilled aniline. 


Time in minutes 


with water, thoroughly mixed, and filtered Fic. Effect increasing 


into 10-cm. polariscope tubes. 


Readings acida 


aniline rotation. 


; 
400 
\ 
‘ 2 2 s 
Time in howrs 
| 
; 
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the rotation were taken shown Table II, only the more pertinent 
observations being recorded. Time was computed from the addition the 
aniline all cases. The results are shown graphically Fig. 


TABLE 


EFFECT OF INCREASE IN CONCENTRATION OF ANILINE AND ACETIC ACID 
ON THE PRODUCTION OF GLUCOSE-ANILIDE* 


Time 5 min. 15 min. 30 min. 1 hr. | 1.5 hr. 3 hr. 6 hr. 24 hr. | 2 days 
! 
a +1.30 +0.91 +0.54 | +0.17 | +0.07 +0.02 | +0.01 | —0.0i1f +0.00 
a +0.90 +0.03 —0.87 —1.38 ; —1.46 —1.49t | —1.47 
Color Colorless Light Ppt'n 
| yellow started | | 
m.p.; acetic acid, m.p. 
Qa ? —2.64 | —2.78 | —2.85t| —2.77 | —2.70 ? ? 
Color Cloudy | Light Light Yellow oil| Dark oil 
yellow yellow | separated | separated 
| | 


*Glucose, 7.5 water 250 cc. tube, cm. temperature, 24° 
value observed. 

Due the presence the acetic acid, the preliminary formation the 
a-isomer was not observed, the rotation rapidly falling its maximum 
negative value. The effect increasing the concentration aniline and acetic 
acid the production glucose-anilide very noticeable; for example, using 
m.p. aniline and m.p. acetic acid the maximum value (—0.01°) was 
not reached until hr. had elapsed, while the case the solution containing 
m.p. the maximum value was attained the case that 
containing m.p. the maximum value was reached hr. (Due 
cloudiness, the rotation this solution could not read until min. had 
elapsed.) The slight increase rotation, which was observed all three 
solutions after the maximum value had been reached, was probably due 
part hydrolysis. The above values indicate that increase the concen- 
tration aniline and acetic acid speeds the formation the 
anilide from the a-glucose-anilide. The then the final 
product, which starts hydrolyze soon the maximum negative rotation 
has been reached. 


Determination Aniline 

Vaubel’s volumetric method (9) for the determination aniline was selected 
for the purpose. This method can used determine aniline either the 
free form the anilide. The data obtained for the determination aniline 
glucose-anilide are shown Table 


- 
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TABLE III 
DETERMINATION ANILINE AQUEOUS SOLUTION 


Time, First titration, Second titration, First Second point, 
gm. 


days, gm. 
0.2401 0.2511 117-118 


Theoretically the precipitate tribromoaniline should weigh 0.2746 gm. 
(since cc. the glucose-anilide solution would contain 0.0775 gm. aniline). 
Hence from Table III apparent that the aniline glucose-anilide can 
determined quantitatively this manner; and furthermore that days the 
glucose-anilide had undergone change resulting the loss aniline. The 
melting point the precipitate was the same that observed others, 
namely 119° 

The following experiment was performed ascertain acetic acid solution 
glucose-anilide behaved similarly. aqueous solution (100 cc.) 4.25 gm. 
glucose-anilide and gm. acetic acid was made the usual manner. 
Again volumetric method for the determination aniline was used, 
cc. the solution being used for each titration. The results obtained are 


shown Table IV. 
TABLE 


DETERMINATION ANILINE ACETIC ACID SOLUTION 


Number cc. N/6 sodium bromate used in: 


Time, days 
First titration, cc. Second titration, cc. Average, cc. 
19.30 
14.76 14.78 


cc. diluted 200 cc. with water; potassium bromide (20%), cc.; 
hydrochloric acid (conc.), indicator, starch-potassium iodide solution. 


the first day the average the two titrations was 26.93 cc. N/6 sodium 
bromate. When days had elapsed the average the two titrations was 
14.78, just about one-half the first reading. 

These last two experiments have shown very definitely that the aniline 
aqueous solution glucose-anilide does not change with time and that 
acetic acid solution there marked decrease aniline, either the free state 
the form the glucose-anilide. 


Determination Glucose 

solutions glucose, aniline and acetic acid alcohol fail, after some time, 
reduce solution, evident that glucose and glucose-anilide must 
disappear. these experiments Bertrand’s method (1) for the estimation 
glucose was used follow the change concentration the carbohydrate. 


— 
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The data for the determination glucose glucose-anilide water are shown 
Table 


TABLE 
DETERMINATION OF GLUCOSE IN AQUEOUS SOLUTION OF GLUCOSE-ANILIDE* 
Time Average titrations, cc. Copper, mgm. Glucose cc., mgm. 
min. 11.00 110.00 58.4 
days 11.12 111.20 59.0 
days 10.85 57.5 


*Glucose-anilide, 1.0625 gm.; water cc.; cc. permanganate was equivalent mgm. 


Theoretically cc. the glucose-anilide solution used the determinations 

Table shows clearly that glucose glucose-anilide can determined 
such, and that aqueous solution there appreciable change the con- 
centration the glucose days. The determinations the glucose- 
anilide acetic acid solutions are shown Table VI. 


TABLE 
DETERMINATION GLUCOSE ACETIC ACID SOLUTION GLUCOSE 


Time Average titrations, cc. Copper, Glucose cc., mgm. 
min. 107 .80 57.1 
days 108 .00 57.2 

days 53.9 

days 44.6 

days 39.2 


*Glucose-anilide, 4.25 acetic acid, 1.00 gm. m.p.); 100 cc. permanganate 
was equivalent mgm. copper; temperature, 22° 23° 

quite evident from Table that the glucose-anilide acetic 
acid solution does disappear gradually. days there was loss 17.9 
mgm. approximately 30%. The effect acetic acid the change 
glucose-anilide quite marked. 

show the effect increasing the concentration aniline and acetic acid 
the change concentration glucose the reaction between glucose, 
aniline and acetic acid, the following experiments were performed. 

Three aqueous solutions 7.5 gm. glucose were made. the first 
these was added 2.50 gm. m.p.) acetic acid and 3.875 gm. m.p.) 
freshly distilled aniline; the second, 7.5 m.p.) acetic acid and 11.625 gm. 
m.p.) freshly distilled aniline; and the third, 22.5 gm. m.p.) acetic 
acid and 34.875 gm. m.p.) freshly distilled aniline. The solutions were 
then made 250 cc. with water, thoroughly mixed, and determinations 
glucose each the three solutions were made using Bertrand’s (1) method. 
The results the determinations are shown Table VII, only the more 
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pertinent observations being recorded. Blanks were made the same 
manner and the results are shown Table VIII. 


TABLE VII 
DETERMINATIONS GLUCOSE ACETIC ACID SOLUTIONS GLUCOSE AND 


Aniline, acetic acid, m.p. 
Glucose cc., mgm. 56.2 56.2 56.2 56.1 43.6 34.8 30.8 24.2 


*Glucose, 7.5 water 250 temperature, 22° 23° 
change. 


TABLE VIII 
DETERMINATION GLUCOSE* ACETIC ACID SOLUTIONS CONTAINING ANILINE 


Acetic acid present, m.p. 


Glucose cc., mgm. 
min. 55.4 57.2 57.1 
days 56.1 56.3 56.8 
days 56.2 56.1 


*Glucose, 7.5 gm. water 250 cc. temperature 22° 23° 


shown Table VII, the effect increasing the concentration aniline 
and acetic acid the disappearance glucose the reaction mixture, glucose- 
aniline-acetic acid very noticeable. The solution containing m.p., for 
example, did not show any appreciable change concentration until the 
fortieth day, while the case that containing m.p., the change was quite 
marked days, and the case that containing m.p. there was decided 
change concentration The blanks showed appreciable change 
concentration glucose over period days. Thus very evident 
that the glucose-does disappear from the reaction mixture such, and that 
increase concentration aniline and acetic acid has very marked effect 
the rate disappearance. The results are shown graphically Fig. 

show the effect temperature the change concentration glucose 
the reaction between glucose, aniline and acetic acid, the following ex- 
periment was performed. 


q 
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aqueous solution 7.5 gm. 
glucose (3%) were added 22.5 gm. 
m.p.) acetic acid and 34.875 gm. 
m.p.) aniline. Water was added 
250 cc. Five minutes after the 
solution was made was placed 
water bath which was kept 
the boiling point throughout the 
whole experiment. intervals 
portion the solution was removed 
and the concentration glucose 
determined. The data obtained are 
shown Table which shows that 
97° the rate disappearance 
glucose extremely rapid. one 
hour 22.4 mgm. glucose had dis- 
appeared approximately 40%; 
two hours loss 32.7 mgm. was 


Concentration in mgm of glvcase 


Time days 
observed approximately and Fic. Effect increase concentration 
hours 43.5 mgm. approxi- aniline and acetic acid the disappear- 
mately 75%. The results are shown ance 


graphically Fig. 
TABLE 
GLUCOSE IN GLUCOSE, ANILINE AND ACETIC ACID SOLUTION AT HIGH TEMPERATURE* 


Time Average titrations, cc. Copper, mgm. Glucose cc., mgm. 
min. 10.78 107.8 
hr. 6.78 34.7 
hr. 4.85 24.4 
hr. 3.70 37.0 18.4 
hr. 2.85 28.5 14.1 
hr. 2.75 27.5 13.6 


*Temperature, 97° 98° C.; glucose, 7.5 water 250 cc.; aniline, acetic acid, 
m.p. 


Reactive Molecule 


found that solutions glucose, aniline and acetic acid, which contain 
glucose-anilide, show reactivity greater than that each the components. 
general such acid solutions reduce oxidizing agents more readily than cor- 
responding blanks. Thus, such solutions glucose, aniline and acetic acid, 
two days old, the aniline more readily oxidized quinone potassium 
dichromate than aniline the presence acetic acid. Again, these acid 
solutions give reaction. This might show that fructose was 
formed but, has been pointed out recently (6), reaction 
simply indicate the presence reactive These solutions also reduce 
potassium permanganate. 


4 
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believed, then, that the glucose-anilide, especially acid solution, 
changed more reactive form, and suggested that this the glucose anil, 


This isomer would more reactive and would account for the greater activity 
glucose-anilide acid solutions. 
The following experiments indicate 


that solutions containing glucose, aniline 

and acetic acid show greater activity 
three components present. 


Three solutions cc. were made 

follows: (1) aqueous solution 

1.5 gm. glucose, 0.5 gm. acetic acid, 

and 0.775 gm. aniline; (2) compar- 

able aqueous solution glucose and 

acetic acid; (3) comparable aqueous 
solution aniline and acetic acid. 

three separate test tubes contain- 
ing cc. approximately 0.4 potas- 
sium dichromate solution, cc. dilute 
sulphuric acid and cc. ether, was 
added cc. solutions Nos. and 
(two days old) and the tubes were 
shaken. Solution No. became 

Fic. Effect temperature the change green once and the yellow 
concentration glucose thereaction— quinone was observed soon 
glucose-aniline-acetic acid. 

the ether had sepdrated (in sec.). 
Solution No. showed color hr. Solution No. was opaque green 
three minutes but was not until four minutes had passed that the yellow 
color quinone could detected the ether. 

two separate test tubes containing cc. approximately potassium 
permanganate, and cc. dilute sulphuric acid was added cc. solutions 
Nos. and days old) and the tubes were shaken. Solution No. became 
brown once and turned clear green color less than sec. Solution 
No. became reddish once but was not clear green until one minute had 
elapsed. 

show definitely that glucose-anilide the presence acetic acid was 
responsible for the reactivity solutions glucose, aniline and acetic acid, 
the following experiment was performed. 

aqueous solution (20 cc.) 0.85 gm. m.p.) glucose-anilide and 0.2 
gm. m.p.) acetic acid room temperature (22° C.) was made the 
usual manner. Five minutes after the acetic acid had been added, cc. 
this glucose-anilide solution was added test tube containing cc. 
approximately 0.4 potassium dichromate solution, cc. dilute sulphuric 
acid and cc. ether, and the tube was shaken. less than five seconds 


= 
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the solution became opaque green, which was similar that obtained 
solution No. above, three minutes. The yellow color quinone, observed 
sec., was similar that obtained solution No. four minutes. 

The Colored Material 

When aqueous solution glucose allowed react room temperature 
with aniline the presence acetic acid, amorphous precipitate formed. 
Attempts were made separate this precipitate into different fractions and 
identify these. brief, the products obtained from these experiments were 
all colored, amorphous and all had indefinite melting points. 

The following account describes the preparation the colored material 
large scale. 

aqueous solution containing 180 gm. glucose (3%) was added 837 
gm. freshly distilled aniline m.p.) and 540 gm. acetic acid m.p.), and 
the volume was made six litres with water 23°-24° C., and allowed 
stand without being disturbed for the end that time the reddish- 
orange liquid was poured off and the black oily residue was dissolved 375 cc. 
ethyl alcohol (95%). The alcoholic solution was steam-distilled for about 
hr. remove the excess aniline and the black gum-like residue was dis- 
solved 200 cc. ethyl alcohol (95%). This solution was diluted with alcohol 
and cooled. the addition cold water, colloidal precipitate was obtained. 
This precipitate was salted out with little sodium chloride, filtered, washed 
with water, and dried vacuum. weighed gm., was chocolate 
brown color, and heating, darkened 119° C., and decomposed between 
140° and means Kjeldahl’s method, was found contain 
8.69% nitrogen (average 8.66, 8.70, 8.70). 

One gram this material was oxidized with acid permanganate. Carbon 
dioxide was evolved but extraction the residual liquid with ether and benzene 
yielded nothing. 

oxidation with alkaline permanganate, the material first gave decided 
indol-like odor, followed the evolution vapor with decidedly pleasant 
odor. Again extraction the residual solution ether and benzene yielded 
nothing. 

Fusion small amount the amorphous brown material with zinc dust 
gave small amount oil with decidedly unpleasant and tenacious odor. 
treating this with benzoyl chloride there was obtained benzanilide only. 
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THE ACTION HYPOCHLOROUS ACID 
ARYLIDENECYANOACETIC 


JoHN ALEXANDER MCRAE? AND CLARENCE YARDLEY 


Abstract 


The action hypochlorous acid p-methoxybenzylidenecyanoacetic acid has 
been found produce p-methoxyphenylacetic acid. When treated the same 
way, veratrylidene- and piperonylidenecyanoacetic acids 

ive the corresponding substituted phenylacetic acids moderately good yields. 
schemes suggesting how this transformation may occur are advanced. 
o-Chlorobenzylidenecyanoacetic acid gives 
acid but this substance could not converted Less 
definite results were obtained when the aryl group the original acid was phenyl, 
and m-nitrophenyl, furyl, 3-nitroanisyl and 6-nitropiperonyl. 

o-Chlorobenzylidene-, 3-nitroanisylidene-, and 

nitropiperonylidenecyanoacetic acids have been prepared for the first time. 


Introduction 


Some years ago (12) was shown that arylidenecyanoacetic acids readily 
combine additively with hydrogen cyanide and later (1, 14) was shown 
further that they can reduced easily acids. 
other additive reactions these acids, beyond the slight reactivity which 
they display towards chlorine and bromine and their qualitative behavior 
towards sodium bisulphite, appear have been studied. Accordingly, 
view their structure a-cyanocinnamic acids, and the ease with which 
cinnamic acid reacts with hypochlorous and hypobromous acids, the authors 
have examined the behavior number arylidenecyanoacetic acids towards 
hypochlorous acid, and few cases towards hypobromous acid also. 

The arylidenecyanoacetic acids used the present investigation are ben- 
zylidene-, and m-nitrobenzylidene-, and p-methoxy- 
benzylidene-, 3-nitroanisylidene-, veratrylidene-, piperonylidene-, 6-nitro- 
piperonylidene-, cinnamylidene-, and furfurylidenecyanoacetic acids. The 
mode application hypochlorous acid these substances which was found 
most suitable was that described Rassow and Burmeister (15), for the 
addition hypochlorous acid cinnamic acid. The arylidenecyanoacetic 
acid was dissolved the equivalent quantity dilute sodium hydroxide, 
excess sodium hypochlorite solution known strength, made the 
addition sodium carbonate solution bleaching powder, was added, 
carbon dioxide was then introduced slowly, and finally after some time, the 
mixture was acidified. 

Interaction occurred each case, but the extent which took place and 
the character the products isolated varied considerably. The most inter- 
esting results obtained using 
idene-, piperonylidene-, and veratrylidene-cyanoacetic acids which gave res- 
pectively, o-methoxyphenyl-, p-methoxyphenyl,- piperonyl- 
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acetic acids yields varying from 72%. The identity each these 
substituted phenylacetic acids was established satisfactorily. none the 
other cases investigated were the authors able isolate acid the 
acetic acid group. Many experiments using benzylidenecyanoacetic acid gave 
oily tarry products from which only unchanged acid and benzoic acid were 
isolated. Repeated efforts isolate phenylacetic acid gave negative in- 
decisive results. Similarly, tarry products were obtained with the other acids 
used acid excepted), but more particularly 
from cinnamylidene- and furfurylidenecyanoacetic acid, both which were 
attacked large extent. The various nitro-acids employed were recovered 
for the most part unchanged but the same time small proportions acids 
the nitrobenzoic acid type were obtained. 

From the interaction o-chlorobenzylidenecyanoacetic acid and hypo- 
chlorous acid, acid was isolated approximately 50% yield which appar- 


Although acids this type are probably the forerunners those 
acetic acids which were obtained these experiments the 
idenecyanoacetic acid, the authors were unable break down this substance 
o-chlorophenylacetic acid. The substance itself does not decompose 
standing. When heated with strong caustic soda solution gave o-chloro- 
benzaldehyde and, the action dilute sodium hydroxide presence 
Here too, this substance more stable than the assigned 
structure would indicate. 

Assuming that hypochlorous acid addition arylidenecyanoacetic acids 
does take place, although such chlorohydrin would formed thereby 
has been isolated this work, and that the addition follows the same course 
that hypochlorous acid cinnamic acid, then the first step the forma- 
tion the alkoxyphenylacetic acids represented thus: 


Using this chlorohydrin basis, several schemes can devised for the 
subsequent transformation into the arylacetic acid, although none that has 
occurred the authors entirely satisfactory. Likewise, not very clear 
why the production arylacetic acids should have been confined the 
alkoxybenzylidenecyanoacetic acids. The next step would seem the 
formation either both acid and 
arylglyceric acid, 


R.CHOH 


—H,0 
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these alternatives the first the more probable account the ease with 
which phenylglycidic acid formed from cinnamic acid chlorohydrin, and the 
readiness with which converted into phenylacetaldehyde (5). Further, 
phenylglyceric acid gives phenylpyruvic acid (7) and not phenylacetaldehyde 
when heated with hydrochloric acid. Many years ago Erlenmeyer, jr. and 
Lipp (8) suggested that phenylglycidic acid changed into phenylacetaldehyde 
through the formation unstable thus: 


and the same suggestion may applied here and appears plausible. That 
say, when the cyanoarylglycidic acid released from its salt the following 
may occur: 


would seem, however, that phenylglyceric acid should equally capable 
giving the hypothetical Erlenmeyer and Lipp, and hence 
should yield phenylacetaldehyde easily under the same conditions 
glycidic acid. Further, the formation phenylacetaldehyde heating dry 
phenylglycidic acid above its melting point must obviously follow another 
course. 

Alternatively, expected that since phenylglycidic acid loses 
carbon dioxide readily when released from its salts, and again when 
dissolved sodium bicarbonate (5), the a-cyanoarylglycidic acids will lose 
carbon dioxide with still greater ease, giving rise arylglycidic nitrile 
This change can probably occur cold alkaline 


solution and the nitrile formed might react according one the following 
schemes: 


—HCN 


R.CHOH 


4 — 
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(c) R.CH CH(CN) 
—HCN 


Still other rearrangements may devised but (a) has the merit that two 
molecular proportions hypochlorous acid were found necessary for the 
production the arylacetic acids which were obtained. However, the 
authors made experiments the effect hypochlorites arylpyruvic 
acids, but Reissert (17) has pointed out that o-nitrophenylpyruvic acid may 
has shown also that acid with alkaline sodium 
hypobromite gives 50% yield o-nitrobenzylidene bromide and with 
bleaching powder was obtained 10% yield. With 
p-nitrophenylpyruvic acid and alkaline sodium hypobromite his results were 
less definite, only small amount p-nitrobenzoic acid being isolated. 
possible that different effects alkaline sodium hypochlorite various 
pyruvic acids may account for the production, the authors’ experiments, 
sometimes arylacetic acids and other cases acids the benzoic acid 
series. the other hand, doubtful the conditions which were used 
these experiments were such produce hydrolysis the arylpyruvic 
nitriles, Here, other possible schemes, data are lacking 
which base opinion. The results obtained recently Tiffeneau and 
Levy (22) showing that the rearrangements phenylglycidic esters, 
elevated temperatures the phenyl group moves 


from the the a-carbon, not throw light the results now described. 
Experiments the addition hypobromous acid benzylidene-, anisyl- 
idene-, and piperonylidene-cyanoacetic acids either Berner’s (4) Read’s 
(16) method gave back principally the unchanged acids but, experiment 
using sodium piperonylidenecyanoacetate and sodium hypobromite, small 
quantity neutral substance separated from the alkaline solution. This 
the authors were not successful purifying completely, but gave analytical 
figures fair agreement with those required 
They were unable obtain any more this substance several attempts. 


Experimental 
PREPARATION ARYLIDENECYANOACETIC ACIDS 


The method used for the preparation the arylidenecyanoacetic acids was 
that Lapworth and McRae (12). The usual condensing agent was sodium 
hydroxide, but condensations using the nitro-aldehydes, aniline hydro- 
chloride was found preferable. The acids were sufficiently pure for use the 
succeeding experiments after thorough washing with benzene. The following 
have been prepared for the first time. 
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acid, 

neutral solution (125 cc.) sodium cyanoacetate made from gm. 
monochloroacetic acid. The mixture was made alkaline with cc. 20% 
sodium hydroxide and warmed with shaking until the aldehyde had reacted 
completely. The sodium salt acid 
separated cooling and after standing hour the mixture was strongly 
acidified with hydrochloric acid. The o-chlorobenzylidenecyanoacetic acid 
which separated was collected and recrystallized, first from glacial acetic acid 
and then from toluene from which separated colorless needles, m.p. 208° 
Found: 6.9; Cl, 16.9%. requires; 6.75; Cl, 17.1%. 
Equivalent: found, 207; requires 207.5. 

acid readily soluble alcohol, hot 
water, hot acetic acid and hot toluene. difficultly soluble cold benzene 
and chloroform. sodium salt yellow and readily soluble water. 


Ethyl ester acid, 

foregoing acid was esterified the method Baker and Lapworth (2). 
After dilution the esterification mixture was obtained oil which 
quickly solidified. was recrystallized from alcohol from which 
separated fine colorless needies, m.p. 53° Found: 6.2; Cl, 15.2%. 
requires: 6.0; Cl, 15.1%. 


acid, 

The condensation with sodium cyanoacetate 
takes place with great ease. the temperature allowed rise too high the 
resulting product oil which difficult purify. The crude acid was 
recrystallized twice from toluene from which was obtained fine yellow 
m.p. 212° C., soluble alcohol, hot benzene and toluene. Found: 
equivalent, 203; 7.3%. requires: equivalent; 203; 6.9%. 


acid, 
(3)N 


3-Nitroanisaldehyde was prepared the method Johnson and Kohmann 
(11). The aniline hydrochloride method Lapworth and McRae (12) was 
used for the condensation. The aldehyde (12 gm.), dissolved cc. 
alcohol, was shaken with solution sodium cyanoacetate acid made from 
gm. monochloroacetic acid, which had been added enough hydrochloric 
acid liberate half the cyanoacetic acid, and containing gm. aniline 
hydrochloride. warming, condensation occurred after shaking for few 
minutes and, the addition further hydrochloric acid, almost quanti- 
tative yield the acid was obtained. After three recrystallizations from 
glacial acetic acid the substance melted constantly 240° Found: 
equivalent; 250; 11.6%. requires equivalent; 248; 11.3%. 
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The substance was obtained white microcrystalline powder from acetic 
acid. moderately soluble alcohol, very slightly soluble ether and 
benzene. The sodium salt but slightly soluble water. 


acid 
(3, 
Piperonal was nitrated according Fittig and Remsen (10). The method 
Salway (19) which nitric acid (sp. gr., 1.41) employed was used unsuc- 
cessfully. The 6-nitropiperonal thus obtained was condensed with cyano- 
acetic acid presence aniline hydrochloride. Condensation took place 
with some difficulty and was necessary warm the mixture the steam 
bath and use enough alcohol keep the aldehyde solution. After the 
reaction was complete, part the alcohol was distilled off and the product 
crystallized out cooling. The crude product was recrystallized from 90% 
formic acid from which separated minute yellow crystals, m.p. 247° C., 
which turn brown exposure light. equivalent, 263; 11.1%. 
requires equivalent, 262; 10.7%. 
The substance soluble alcohol and hot acetic acid but does not crystallize 
well from these solvents. 


Preparation and m-nitrophenylcyanoacrylic acids 

Attempts condense o-nitrobenzaldehyde and sodium cyanoacetate 
presence sodium hydroxide did not produce the desired acid but, using the 
aniline hydrochloride method, reaction readily occurred and 
cyanoacrylic acid was obtained good yield. After five recrystallizations 
from glacial acetic acid, the pure acid was 
obtained with melting point 231°-232° Other melting points recorded 
previously are follows: 226° C., Fiquet (9); 223° C., Riedel (18); 223° C., 
Sudborough and Lloyd (20). The melting point recorded here was confirmed 
later Mr. Barker these laboratories. 

Similarly, attempts make acid con- 
densing m-nitrobenzaldehyde and sodium cyanoacetate alkaline solution 
gave very impure product but again, using the aniline hydrochloride method, 
product which was easily purified was obtained excellent yield. Several 
recrystallizations from benzene gave the pure acid, m.p. 171° Found: 
equivalent, 217; 13.0%. requires: equivalent, 218; 12.8%. 
Fiquet (9) gave the melting point acid 
214°-216°C., Riedel (18) 172° and Sudborough and Lloyd (20) 

The acid was further converted into its ethyl ester which after several recrys- 
tallizations from alcohol had melting point 134° Sudborough and 
Lloyd (20) give the same melting point but Riedel (18) had previously found 
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Ammonium hydrogen salt acid 


adding ammonia crude m-nitrophenylcyanoacrylic acid, mass 
colorless crystals, presumably the normal ammonium salt, separated, and after 
removing the mother liquor the material was recrystallized from hot water. 
This purified ammonium salt was then dissolved small volume hot 
glacial acetic acid and cooling white powder was deposited which, after 
several recrystallizations from acetic acid melted 214°-215° Found: 
15.5%; requires; 15.45%. Carrick (6) has prepared similar 
acid potassium and ammonium salts phenylcyanoacrylic acids. 


Preliminary experiments showed that the method Rassow and Burmeister 
(15) gave the most consistent and reproducible results. 

solution sodium hypochlorite was made shaking 200 gm. bleaching 
powder with 500 cc. warm water and allowing the mixture stand for 
hr. Sodium carbonate (200 gm.) was then added and after standing for 
several hours the calcium carbonate was filtered off and the solution made 
500cc. The available chlorine was determined iodimetrically. The solution 
thus prepared contained about one mole sodium hypochlorite per litre. 


Methoxyphenylacetic acid from p-methoxybenzylidenecyanoacetic acid 


p-Methoxybenzylidenecyanoacetic acid (20.3 gm. mole) was dissolved 
200 cc. water and cc. 10% sodium hydroxide. The solution was 
cooled C., and mixed with volume sodium hypochlorite solution, 
also C., containing mole sodium hypochlorite. About 200 cc. 
was necessary. The mixture was allowed come room temperature, 
and slow current carbon dioxide free from hydrogen chloride was passed 
for two hours. The solution was allowed stand for two hours and finally 
was acidified with dilute sulphuric acid. After standing overnight, the 
methoxyphenylacetic acid which had separated was collected, and the filtrate 
extracted with chloroform recover further quantity. After two recrys- 
tallizations the acid melted constantly 85°-86° and did not depress the 
melting point specimen acid prepared 
Mauthner’s method (13). Further identification was made determination 
the equivalent. Found: equivalent; 168. requires; equivalent, 
166. The yield was 51%. 


Piperonylacetic Acid (Homopiperonylic acid) 

This was made identical manner from piperonylidenecyanoacetic acid. 
The acid obtained was identified its melting point, 127°-128° C., mixed 
melting-point determination with specimen made Mauthner’s method, 
determination its equivalent and analysis. Found: equivalent, 182; 
60.2; 4.2%. requires: equivalent, 180; 60.0; 4.4%. The 
yield varied from 50%. 
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Methoxyphenylacetic acid 


This was prepared good yield from acid. 
After recrystallizing from hot water melted 123° and the equivalent was 
167 requires 166). 


Veratrylacetic acid (3,4-dimethoxyphenylacetic acid) 


This was produced 30% yields from veratrylidenecyanoacetic acid. 
precipitating the acid from the reaction mixture was obtained oil which 
was redissolved dilute sodium hydroxide, filtered from slight turbidity and 
again acidified. After removing water crystallization, the acid was obtained 
its anhydrous form, m.p. 98° Tiemann (21) gave the melting point 
98°-99° identified its equivalent. Found: equivalent, 197. 
CioH 1204 requires 196. 
acid, 

o-Chlorobenzylidenecyanoacetic acid (10.3 gm. =0.05 mole) was dissolved 
100 cc. water and cc. dilute sodium hydroxide. The ice-cold solution 
was mixed with ice-cold solution sodium hypochlorite (0.1 mole). 
rise about 10° the temperature occurred. The solution was treated 
the case p-methoxybenzylidenecyanoacetic acid. Addition sul- 
phuric acid produced white crystalline precipitate which weighed 5.1 gm. 
was recrystallized from toluene several times and was found have 
melting point 159° C., although some difficulty was experienced obtaining 
constant melting point. Found: equivalent, 228; 6.53; Cl, 16.1%. 
requires: equivalent, 223.5; 6.27; 15.9%. 

crystallizes small needles from hot toluene chloroform. Warmed 
with 20% sodium hydroxide gives o-chlorobenzaldehyde. does not 
immediately reduce alkaline permanganate. 

The foregoing glycidic acid was treated with alkaline hydrogen peroxide 
the hope converting into o-chlorophenylacetic acid. The glycidic acid 
(2.2 gm.) was dissolved cc. alcohol made slightly alkaline with sodium 
hydroxide and this there was added cc. 10% hydrogen peroxide. After 
standing for hr. the mixture was acidified and after short time 1.6 gm. 
acidic substance separated. After several recrystallizations from methyl 
alcohol melted Found: equivalent, 244, 246; 6.0; Cl, 14.7%. 
requires: equivalent, 241.5; 5.8; Cl, 14.7%. 

The substance readily soluble hot methyl and ethyl alcohols and also 
acetone and acetic acid. 

With all the other acids used indefinite results were obtained. The pro- 
cedure adopted was general the same that described for p-methoxy- 
benzylidenecyanoacetic acid, unless the slight solubility the sodium salts 
some the nitro-acids necessitated using more dilute solutions. Many 
experiments benzylidenecyanoacetic acid gave general: (1) gummy 
resinous substances, (2) oil having acidic properties which resisted all 
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attempts purify it, (3) benzoic acid, (4) traces substance melting 
point 97°-98° C., apparently not phenylacetic acid, (5) the acid sodium salt 
acid, m.p. 197°-198° Cinnamylidenecyanoacetic 
acid gave oily products and 20% the acid was recovered unchanged. 
Furfurylidenecyanoacetic acid, which readily made the alkaline condensa- 
tion furfural and sodium cyanoacetate, seemed react vigorously when 
solution its sodium salt was mixed with sodium hypochlorite but, acidi- 
fication, half the original acid was obtained and extraction the filtrate 
with ether gave black gum. 

With 6-nitropiperonylidenecyanoacetic acid very little action took place and 
most the acid was recovered. the other hand, o-nitrobenzylidene- and 
m-nitrobenzylidene-cyanoacetic acids and 3-nitroanisylidenecyanoacetic acid 
seemed react very considerable extent but, besides unchanged acids, 
only m-nitrobenzoic acid and 3-nitroanisic acid were isolated and these 
relatively small proportions. 


Action Hypobromous Acid Piperonylidenecyanoacetic Acid 


Piperonylidenecyanoacetic acid (10.9 gm.=0.5 mole) was suspended 
300 cc. water and neutralized with dilute sodium hydroxide. The resulting 
paste was added solution 0.1 mole sodium hypobromite prepared 
the usual way and the mixture stirred for min. This the procedure used 
Berner (4) preparing cinnamic acid bromohydrin. The sodium piperony- 
lidenecyanoacetate did not dissolve. Carbon dioxide was then passed for 
two hours and during this time the sodium salt appeared dissolve and 
another substance separated. This was collected gm.) and recrystallized 
from alcohol. The filtrate acidification gave gm. unchanged acid. 

The substance deposited from the alkaline solution was obtained white 
flakes, m.p. Cold sodium hydroxide did not affect it, but dissolved 
heating. Efforts obtain more the substance failed. was thought 
CHBr.CN, but the analyses that could done with the amount available, 
(which was probably not quite pure) support this only part. Found: 
47.7; 2.36; 5.6; Br, 36.7, 36.9%. requires: 44.4; 
2.96; 5.2; Br, 29.6%. 

Anhydride acid 
4)CH 
(4) 


C,H;CH 
(3)NO; 


was anticipated that 3-nitroanisylidenecyanoacetic acid with hypochlorous 
acid would yield 3-nitroanisylacetic acid. attempt was made prepare 
this acid Mauthner’s method but only the above azlactone stage was 
realized. The azlactone when subjected the action sodium hydroxide 
and hydrogen peroxide gave tarry material. 

3-Nitroanisaldehyde gm.) was condensed with hippuric acid gm.) 


| 
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heating for two hours the steam bath with 2.5 gm. fused sodium acetate 
and cc. acetic anhydride. The yellow product was filtered and washed 
with alcohol. was recrystallized from hot benzene which moderately 
soluble. was obtained yellow powder, m.p. 206°C. 8.5%. 
requires 8.3%. 


m-Nitrophenylsuccinic Acid, 


order test the reactivity the ethylene linkage m-nitrobenzylidene- 
cyanoacetic acid its behavior towards hydrogen cyanide was studied. The 
procedure adopted was that used Lapworth and McRae (12) similar 
cases. mixture solution the sodium salt m-nitrobenzylidene- 
cyanoacetic acid mole) and potassium cyanide moles), which acetic 
acid mole) had been added, was allowed stand for two days, acidified and 
evaporated almost dryness. The crystalline product which separated was 
collected and hydrolyzed allowing stand hr. with ice-cold, fuming 
hydrochloric acid and then heating the mixture until the evolution carbon 
dioxide ceased. The m-nitrophenylsuccinic acid obtained was recrystallized 
from hot water. The yield was 37%. The acid crystallized colorless 
needles, m.p. Found: equivalent, 120; 5.9%. requires: 
equivalent, 119.5; 5.95%. 


Acknowledgment 


The authors express their thanks Professor John Read, St. Andrew’s 
University, who kindly informed them that was not his intention include 
study the arylidenecyanoacetic acids his researches hypochlorous 
acid addition. 

References 
and Chem Soc. 125: 2333-2338. 1924. 
and Chem. Soc. 127: 560-567. 1925. 
BAKER, and Chem. Soc. 127: 1424-1433. 1925. 
Berner, and Ber. 54: 1945-1960. 1921. 
and M.C. Rec. trav. chim. 41: 199-207. 1922. 
Carrick, prakt. Chem. (2) 45: 500-515. 1892. 
43: 1032-1035; 1035-1038. 1910. 
ERLENMEYER, and Ann. 219: 179-233. 1883. 
Ann. chim. phys. (6) 29: 433-504. 1893. 
10. Fittic, and Ann. 159: 129-158. 
11. and Am. Chem. Soc. 37: 162-167. 1915. 
12. and McRag, Chem. Soc. 121: 1699-1712. 1922. 
13. MAUTHNER, Ann. 370: 368-375. 1909. 
Rassow, and prakt. Chem. (2) 84: 473-489. 1911. 
16. READ, and Chem. Soc. 119: 1774-1786. 1921. 
17. Ber. 30: 1030-1053. 1897. 
18. prakt. Chem. (2) 54: 533-555. 1896. 
19. Chem. Soc. 95: 1155-1165. 1909. 
21. and Ber. 11: 141-145. 1878. 
22. and Levy, Anales asocn. quim. Argentina, 16: 144-157. 1930. 
Abstracted Chem. Centr. II, 1540-1541. 1930. 


‘ 
} 
| 
4 


258 


THE ALKALOIDS FUMARACEOUS PLANTS 
DICENTRA CANADENSIS, WALP.' 


Abstract 


preliminary examination Dicentra canadensis tubers collected the 
province Quebec has revealed the presence protopine, which had previously 
been found, together with three typical alkaloids Corydalis species, namely: 
bulbocapnine, corydine and isocorydine. The presence the last com- 

ratively large quantity surprising view its general scarcity elsewhere. 

existence other bases indicated and will made the subject studies 
larger quantity material. 

the non-basic materials, the most interesting isa nitrogenous orange-colored 
oxyacanthine dauricine. 


The natural order Fumariaceae frequently included botanists 
sub-order, Fumarioideae, Papaveraceae, expedite classification some 
plants which occupy intermediate position. For the present, however, the 
author proposes retain the classification Fumariaceae for purposes 
simplicity, although the chemical constituents frequently betray closer 
relationship, the widespread occurrences protopine and allocryptopine. 

Only three genera Fumariaceae are native northern America, namely, 
Dicentra, Corydalis and the last mentioned being endemic and repre- 
sented only one species, the intention the author 
investigate many these interesting plants time and material will permit, 
devoting particular attention the alkaloidal constituents. 

regard Dicentra, the literature records that the alkaloids six species 
have been investigated, but only the case three, namely, spectabilis 
(3, 7), formosa (2, 76, and pusilla (1), was this examination more 
than cursory. The investigations cucullaria (2, have yielded contra- 
dictory results and the available information regard (2, 76) 
and eximia (5) incomplete. Protopine present all instances while 
dicentrine has been found only pusilla and formosa and its presence 
canadensis doubtful. 

1931 advantage was taken opportunity collect reasonable 
supply Dicentra canadensis the Gatineau Hill region the province 
Quebec, and the present paper records the preliminary examination this 
material. the time collection the aerial portions the plant had withered 
that only the tubers were available. These were separated from adhering 
foreign matter drying coarse screens with occasional shaking. The dried 
material was then crushed between steel rolls and exhausted with methanol 

Although the details the examination the extract are given the 
experimental section may mentioned that dicentrine has thus far not been 
obtained and its presence doubtful. Protopine present quantity and 
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constitutes practically the entire amount non-phenolic bases. the 
phenolic alkaloids, least one has not been obtained crystalline state, 
while three others, namely, bulbocapnine, corydine and isocorydine, have been 
obtained pure condition and definitely identified. 

The isolation these bases considerable botanical interest since the 
only sources hitherto known are some species Corydalis and particular, 
tuberosa (native Asia). The analogy however does not too far since 
corytuberine, the typical alkaloid tuberosa appears entirely absent. 
would seem therefore that the genus Dicentra resembles the genus Corydalis 
most closely canadensis, and that the approach Dicentra from Corydalis 
through tuberosa. this basis should possible arrange the species 
Dicentra and Corydalis series such that the extremes pusilla 
one end and solida the other) show little, any, chemical relationship, 
but the transition point approached the relation becomes more apparent. 
There are not sufficient data available present arrange the series detail 
but the botanical and geological significance relation evolution abun- 
dantly evident. 

The separation bulbocapnine, corydine, and isocorydine has hitherto 
presented considerable difficulty, and this perhaps the reason that isocorydine 
has only recently been isolated from Corydalis roots (11). was observed, 
however, that corydine and isocorydine may quantitatively removed from 
strongly alkaline solution extraction with ether, whereas bulbocapnine 
not extracted and may recovered saturation with carbon dioxide 
with ammonium chloride. The tedious procedure purifying corydine 
hydrochloride fractional crystallization, procedure which tends 
late the impurities with the isocorydine, has also been successfully avoided. 
the mixed hydrochlorides are washed with cold chloroform the isocorydine 
salt rapidly dissolves, and the base regenerated from the solution yields the 
pure substance after one two recrystallizations from methanol. The in- 
soluble hydrochloride may freed the last trace isocorydine washing 
again with several portions hot chloroform and recrystallizing once from 
water. The regenerated base readily obtained pure condition recrys- 
tallizing from ether acetate. 

the non-basic constituents canadensis, the coloring matter the 
most interesting. Not only are the tubers and the extract intensely yellow, 
but most fractions are colored unless special precautions are taken. Appro- 
priate treatment the chloroform extract yielded the substance question 
fine orange-colored needles melting sharply 237—238° C.* Its solution 
chloroform beautiful orange with delicate reddish cast. 


Experimental 
The air-dried and crushed tubers (1680 gm.) were exhausted Soxhlet 
extractor with methanol and the excess solvents distilled from the extract. 
Much water was added the latter and the mixture heated steam bath 


until the last the methanol had been removed. While still warm, the 
*All melting points are corrected. 
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mixture was acidified toCongo red with hydrochloric acid and about twentieth 
its volume chloroform added. The mixture was then allowed cool and 
settle for several days and finally filtered with suction. The small amount 
dark amorphous residue (R), the examination which has been postponed, 
was adequately washed alternately with water and with chloroform. The 
chloroform layer the filtrate was separated and the aqueous layer extracted 
with chloroform until the extract was only faintly colored. All the chloroform 
extracts were combined. The dark yellow residual aqueous solution was 
filtered through layer charcoal remove small amount dark insoluble 
product which accumulated during the extraction. The filtrate was basified 
with excess ammonia and the liberated bases removed extraction with 
chloroform until the extract was longer colored. 

The solvent was largely removed from the combined extract and the con- 
centrated solution filtered through layer charcoal remove small amount 
insoluble resin and some inorganic impurities which had been carried along 
mechanically. The solvent was completely removed from the filtrate and the 
residue dissolved hot dilute hydrochloric acid. The filtered solution 
(charcoal) was basified with excess potassium hydroxide, and the precipitated 
base filtered off and washed with water. 

The dried precipitate was dissolved chloroform and the somewhat turbid 
solution was filtered through charcoal. The solvent was largely distilled off 
and displaced repeated evaporation with methanol. While still hot, base 
crystallized from the solution microscopic needles, frequently united 
spherical aggregates. thus obtained, the melting point was 
and two additional recrystallizations from chloroform-methanol failed raise 
this appreciably. Since was suspected that the alkaloid question was 
protopine, further purification was effected recrystallizing the sulphate 
from water. The regenerated base after recrystallizing once more, was finally 
obtained colorless microscopic needles melting 206° Since this only 
lower than the accepted melting point protopine and since the color 
reaction concentrated sulphuric acid that protopine, there can 
doubt regarding the identity the base. The analytical figures afford the 
final evidence. Calcd. for 67.99; 5.38; 3.97%. Found: 
68.16; 5.54; 4.51%. 

Attempts isolate other non-phenolic bases from the mother liquors the 
protopine preparation were unsuccessful, but since the total yield protopine 
was only about gm., traces other alkaloids may have been overlooked. 

The alkaline filtrate from the crude protopine was exhausted with ether and 
the combined extracts evaporated. Subsequent examination showed that the 
small amount bases obtained here consisted almost exclusively corydine 
and isocorydine but, since the isolation these bases from the chloroform 
extract later described, further details will omitted here. The 
alkaline solution which contained further ether-soluble portion was saturated 
with carbon dioxide and the precipitated bases filtered off and washed thor- 
oughly with water. (The filtrate re-extraction with ether yielded further 
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small amount bases from which little bulbocapnine has been isolated, 
together with trace another base. Since larger quantity canadensis 
process examination study this substance postponed. For 
the sake brevity proposed refer this product future E.) 

The mixture precipitated phenolic bases was dried vacuo and dissolved 
chloroform. The filtered solution (charcoal) was evaporated small 
volume and treated with large volume ether. The brown, amorphous 
precipitate (P) was filtered off and thoroughly washed with ether and the 
combined filtrate and washings evaporated small volume, when crystal- 
lization pale yellow base rapidly ensued. The solid was filtered off, 
washed with cold methanol which sparingly soluble, and recrystallized 
from mixture chloroform and methanol. The product was still pale 
yellow, but this color was largely removed one recrystallization from large 
volume hot ethanol (charcoal). thus obtained the base consists almost 
colorless stout plates melting sharply 202° Bulbocapnine generally 
stated melt 198° C., presumably uncorrected. The phenolic nature the 
base, together with the fact that its solution alkali acquires green color 
exposure the air, pointed the suspicion that was bulbocapnine. 
The analytical figures the free base well the properties the methiodide 
amply bear out this supposition and, finally, admixture with 
specimen bulbocapnine from Corydalis cava caused depression the 
melting point. For the latter, the author greatly indebted Prof. Ernest 
Spath the University Vienna. Calcd. for 70.15; 5.86; 
4.31; OMe, 9.54%. Found: 69.84; 5.90; 4.31; OMe, 10.67, 
(mean duplicate analyses). 


Bulbocapnine Methiodide 

solution the bulbocapnine obtained described above chloroform- 
ethanol was treated with excess iodide. The crystalline product 
which rapidly separated was filtered off after short time and washed with 
cold methanol. From hot water crystallized elongated needles and from 
hot 80% alcohol was obtained short stout rods, both products melting 
258° with decomposition. Calcd. for 3.00; 27.19%. 
Found: 2.98; 27.19%. 


Examination the Chloroform Extract Isolation Corydine 

The combined chloroform extract was distilled until the distilled chloro- 
form longer carried water with it. The small amount dark resin which 
had separated was filtered off through layer charcoal, and the clear, dark 
orange solution repeatedly extracted separatory funnel with hydro- 
chloric acid. This procedure was excessively tedious and only after ex- 
tractions (with volume acid equal the chloroform solution) was the 
operation interrupted. The combined aqueous extract was evaporated 
vacuo 2500 cc., filtered through layer charcoal and extracted with eight 
litres ether five successive portions. 
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The dissolved ether was expelled from the aqueous solution boiling and 
the filtered solution (charcoal) extracted with chloroform until the extracts 
were only pale yellow. Examination the residual aqueous solution disclosed 
the presence only protopine and bulbocapnine tractable amounts, and 
since the isolation these bases has already been described, further details 
need not given again. 

The combined chloroform extract was distilled until the water was removed, 
filtered through charcoal and evaporated volume. Crystallization 
sparingly soluble hydrochloride ensued while the solution was still hot. 
was filtered off and washed first with chloroform and then with methanol. 
Recrystallized from hot water which sparingly soluble, was obtained 
colorless stout prisms which began shrink 240° and melted with 
charring 258° Calcd. for 63.57; 6.41; 3.71; 
OMe, 24.64; Cl, 9.38%. Found: 63.24; 6.32; 4.05; OMe, 24.26; 
Cl, 7.33% (mean duplicate analyses). 

The low value for chlorine probably attributed slight loss 
hydrogen chloride during the thorough drying the analytical sample. The 
yield purified hydrochloride was 2.3 gm. 

When the aqueous solution this salt was treated with excess potas- 
sium hydroxide the base was precipitated first but readily redissolved. 
The strongly alkaline solution was extracted ten times with large volume 
ether, and the combined extracts evaporated somewhat and clarified over 
anhydrous sodium sulphate. Further evaporation gave yield long stout 
crystals which separated while the solution was still warm. The mother liquor 
was removed decantation and the crystals washed with ether. thus 
obtained the substance melts sharply evidently the alcoholate 
corydine described Gadamer (8, 10). The solvent crystallization 
removed only with difficulty and for this purpose small specimen was 
heated high vacuum 75° for several hours. Recrystallization from 
dry acetate free alcohol yielded the pure base stout prisms melting 
sharply 148.5° Gadamer gives 149° for the dry base. for 


Corydine 

small amount corydine was treated with excess methy] iodide chloro- 
form solution. After standing for several days the solvent and excess reagent 
were evaporated. The residue was recrystallized twice from hot water and 
was obtained colorless needles short stout prisms, both forms sintering 
220° (214—215° uncorr.) and decomposing completely 228—230° 
Gadamer (9, 679) gives m.p. 213—214° (presumably uncorr.) with 
decomposition. 


Isocorydine 

The chloroform mother liquor from which the corydine hydrochloride had 
crystallized was freed chloroform repeated evaporation syrup with 
methanol. cooling the somewhat concentrated solution copious yield 
crystalline hydrochloride separated. This was washed with cold methanol 


ai 
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and then extracted with cold chloroform. small amount corydine hydro- 
chloride remained undissolved. The chloroform was removed from the extract 
and the residue dissolved water. The clear filtered solution (charcoal) was 
basified with excess potassium hydroxide and the phenolic base removed 
repeated extraction with ether. The free base rapidly crystallized the 
combined extract was concentrated. The residue was dissolved large 
volume ethyl acetate and the filtered solution (charcoal) evaporated 
small volume which hot methanol was added. Crystallization readily 
ensued. After one recrystallization the free base was obtained almost 
colorless deep four-sided tablets melting sharply 184° (9). for 
70.38; 6.75; 4.11; OMe, 27.27%. Found: 70.35; 
6.78; 4.26; OMe, 27.50%. Mean duplicate analyses. 

The calculated analyses for methoxyl are based three such groups, and 
view the excellent agreement between the two sets figures there can 
question the identity the alkaloid isocorydine. working 
over the various fractions and the mother liquors nearly five grams pure 
isocorydine was obtained. This alkaloid therefore the largest single con- 
stituent any base found the tubers under investigation. 


Examination the Mother Liquor from the Crystallization Isocorydine 
Hydrochloride 


The methanol mother liquor, from which more crystalline material 
separated, was evaporated brittle resin vacuum desiccator over solid 
potassium hydroxide. Solution chloroform left small amount dark 
resinous material which was filtered off. The dark brown solution was freed 
solvent and the residue dissolved hot dilute hydrochloric acid. The 
solution was boiled expel the small amount residual chloroform and 
exhausted with ether, which removed small amount resinous material. 
The aqueous solution was basified with excess potassium hydroxide and slight 
turbidity removed filtration with the aid charcoal. The dark filtrate 
was thoroughly exhausted with ether, which removed small amount 
corydine and isocorydine, the separation and identification which was 
effected repetition the procedure outlined above. 

The aqueous alkaline solytion was saturated with carbon dioxide and the 
precipitated bases filtered off and thoroughly washed with water. (The filtrate 
yielded ether extraction small amount bulbocapnine together with 
product presumably identical with that previously obtained from another 
fraction and referred E.) 

The thoroughly dried mixture bases was dissolved chloroform and 
slight amount dark insoluble residue filtered off through layer charcoal. 
The somewhat concentrated filtrate was treated with large volume ether 
and the precipitate filtered off and washed with the same solvent. Concen- 
tration the extract yielded small amount bulbocapnine. 

The ether-insoluble product consisted amorphous brittle resin, further 
examination which soon disclosed its identity with similar product pre- 
viously obtained smaller amount and referred (P). 
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Since this product, probably mixture, still under investigation, further 
details regarding its properties are omitted for the present. 


Examination the Non-basic Chloroform-soluble Fraction 


The chloroform solution from which all basic material had been removed 
exhaustive washing with dilute acid had intense orange color. The 
greater portion the solvent was removed distillation and the remainder 
was allowed escape spontaneously from the thick, dark syrupy mass. The 
resin thus obtained (55 gm.) was pulverized mortar and extracted 
Soxhlet apparatus with petroleum ether, ether, and ethyl acetate the order 
named. 

Although all extracts were yellow, the greater portion the coloring matter 
had obviously been removed the ethyl acetate. The latter extract was 
heated expel much acetate possible and the residue heated for 
several hours with excess alcoholic potassium hydroxide. The alcohol 
was largely boiled off and the mixture diluted with much hot water. 

This treatment served remove some acidic products from the main con- 
stituent which remained yellow granular precipitate. The latter was 
filtered off and thoroughly washed with water. After air drying was sus- 
pended boiling methanol, the mixture cooled and the solid filtered off and 
washed with methanol. Recrystallization this product was conveniently 
effected solution hot chloroform, filtering with the aid charcoal and 
adding hot methanol the concentrated filtrate. repetition the process 
yielded the coloring matter gm.) orange-colored needles, melting 
237—238° Caled. for 66.27; 5:67; 4.18; OMe, 
13.89; mol. wt., 670. Found: 65.96, 65.97; 5.52, 5.78; 4.29, 4.22; 
OMe, 14.02, 13.87; mol. wt., 494, 488 (Rast). 

The calculated formula, because its complexity, obviously not certain, 
but view the fact that the ratio methoxyl nitrogen almost exactly 
3:2 there must least two nitrogen atoms the molecule, and more are not 
permissible because the molecular-weight determination, which already 
too low. Taking into account the non-basicity the substance possible 


References 


Arch. Pharm. 247: 201-212. 1909. 

F., and Turner, H.C. Agr. Research, 23: 69-78. 1923. 
Arch. Pharm. 250: 560-646. 1912. 

Arch. Pharm. 260: 94-97. 1922. 

Gapamer, Arch. Pharm. 249: 503-510. 1911. 

Arch. Pharm. 249: 641-669. 1911. 

10. and Arch. Pharm. 240: 81-113. 1902. 

11. Go, Pharm. Soc. Japan, Abstract Section. 49: 125-128. 1921. 

12. Arch. Pharm. 241: 313-320. 1903. 


WH 


4 


265 


THE ALKALOIDS FUMARACEOUS PLANTS 
DICENTRA CUCULLARIA (L.) BERNH.' 


Abstract 


preliminary investigation Dicentra cucullaria has confirmed the presence 
protopine and disclosed the presence least three other alkaloids which have 
been obtained crystalline form. The isolation cryptopine interest 
since had previously been obtained only from opium. 

Two other bases, referred (a) and (8) are perhaps new but their naming 
deferred until more known concerning their nature. 

The investigation being actively pursued along the lines the constitutional 
analysis base and base (8), well search for other bases larger 
quantity plant material. 

Attention called the high content more) sucrose present the 
dried tubers. 


connection with previous communication (4) treating Dicentra 
program research dealing with plants the N.O. Fumariaceae 
was outlined and continuation, preliminary examination cucullaria 
has been carried out. 

Fischer and Soell (3) working with cucullaria Wisconsin, 
origin obtained protopine and two unidentified bases. Analyses are not 
recorded, but the melting points are given 230—231° (dec.) and 215° 
respectively. Since these properties not agree precisely with those any 
alkaloids likely present, further examination was deemed desirable. 

More recently Black, Eggleston, Kelly, and Turner (1) examined 
cucullaria Virginia origin and confirmed the presence protopine but 
reported addition new alkaloid, cucullarine, m.p. 169° C., together with 
amorphous bases. 

Botanists have recognized but one species although the latter 
authors (1) hinted possible difference between those eastern and 
western habitat, and, aside from the purely chemical interest attached 
further investigation and identification the alkaloids present, the opportunity 
arriving botanical distinction based chemical analysis presented 
itself. 

The tubers the species under consideration, which were collected 
the Gatineau Hills the province Quebec after the aerial parts the plants 
had withered, consist cluster elongated ellipsoidal grains arranged about 
central core two more less regular, but larger and symmetrically dis- 
posed, segments. The color varied from pale ivory delicate pink hue, 
the latter being due numerous microscopic red spots the surface, the 
intensity and extent which are influenced the amount sunlight 
which they have been exposed. either case the dried tubers are non- 
descript greyish amber—the original pink spots, however, are still observable 
with lens. 
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Chemical examination soon confirmed the presence protopine but neither 
the work Fischer and Soell nor that Black and coworkers could sub- 
stantiated the other alkaloids. Cucullarine has thus far not been found 
and the two bases referred the former authors are probably absent, 
although that described melting 215° (corr may possibly identical 
with the base now isolated (m.p. 221° C.*), and which almost certainly 
cryptopine. Owing the minute quantity thus far isolated, further character- 
ization than that afforded micro-analysis and color reaction has not been 
possible. 

The presence cryptopine plants other than Papaver somniferum occasions 
some surprise only for the reason that has not previously been found else- 
where. Its close chemical relation protopine, and the widespread occurrence 
the latter have been the cause some conjecture its restricted occurrence. 
must borne mind, however, that cryptopine present opium 
appreciable quantities only rare cases (5), and its isolation from this source 
occasioned largely because the fact that enormous quantities mother 
liquors are available from the commercial preparation morphine and its 
associates. 

Two other alkaloids, both which appeared new, are also present. 
Both are soluble excess fixed alkali and may extracted from strong 
hydrochloric acid solution means chloroform, but not means ether. 

not proposed name these alkaloids until further knowledge them 
obtained, and for the present they will referred (a) and 

Their separation detailed the experimental section and suffices 
note here that base (a) was obtained large, colorless, elongated prisms, 
melting sharply Analytical figures indicate and 
entirely absent. Base (@) was obtained crystalline form only precipi- 
tation from alkaline solution means carbon dioxide, and analysis gives 
figures intermediate between and 

Danckwortt (2, 613) while investigating the alkaloids spectabilis in- 
cidentally isolated some sucrose, and the same carbohydrate was present 
astonishing amounts (24.8% air dried tubers) tubers which were col- 
lected after the aerial portion the plant had withered. Such liberal store 
reserve food amply accounts for the vigorous growth the plant early 
spring. 

Experimental 

The air-dried and thoroughly ground tubers (580 gm.) were extracted 
Soxhlet extractor with redistilled methanol and the solvent largely distilled 
from the extract. The latter was allowed remain room temperature for 
several weeks, during which time copious yield sucrose separated dense 
crystalline cake. Methanol was added the supernatant syrup facilitate 
handling, and the crystals were filtered off and washed with 90% methanol. 
The yield this product (24.8%), which consisted well-defined, slightly 
brown crystals, was 144 gm. and for obvious reasons represents the minimum 


quantity actually present. Recrystallized from 50% ethanol from 80% 
*All melting points are corrected. 
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methanol the sugar was obtained colorless crystals indistinguishable under 
the microscope from sucrose similarly recrystallized. reduced 
solution only after hydrolysis with dilute had sweet taste. 

The combined mother liquor and washings from the sucrose was freed 
the greater portion the methanol steam bath, diluted with large 
quantity hot water, and boiled expel the remaining methanol. While still 
warm, was rendered acid Congo red with hydrochloric acid, shaken with 
chloroform and the entire mixture filtered with suction. There remained only 
negligible residue which was discarded. The chloroform was separated from 
the aqueous solution and the latter extracted with chloroform until the 
extract was colorless. 


Examination the Aqueous Protopine and Cryptopine 


The aqueous solution which had been exhaustively extracted with chloro- 
form was basified with excess ammonia and the liberated bases removed 
chloroform extraction. The combined extract was distilled until the water 
was removed and the residual solution was filtered through layer charcoal. 
The filtrate was freed chloroform, dissolved dilute hydrochloric acid and 
the filtered solution basified with excess potassium hydroxide. After remaining 
the ice chest overnight, the precipitated base had assumed granular form 
and was filtered off and washed with water. (The filtrate treatment with 
ammonium chloride saturation with carbon dioxide yielded mixture 
pherolic weakly acidic bases from which pure substance has been 
obtained. The yield was, however, quite small, and further examination 
delayed until more material available.) 

The dried non-phenolic mixture thus obtained was dissolved chloroform 
(charcoal), and the filtered solution evaporated thick syrupy residue. 
Treatment with much hot methanol and seeding with crystal protopine, 
long standing, yielded the latter alkaloid dense aggregates microscopic 
needles, melting 202° Repeated recrystallization raised this melting 
point only slowly, but purification the hydrobromide recrystallized from hot 
water, and regeneration and crystallization the base yielded colorless minute 
needles giving the color reactions protopine. Alone admixed with 
specimen protopine from canadensis melted 205—206° 

The combined mother liquor from the isolation the protopine was evapor- 
ated resin, the latter dissolved small volume methanol, and the 
solution acidified with slight excess concentrated hydrogen bromide. 
the course several days crystallization sparingly soluble salt, which 
proved protopine hydrobromide, resulted. The mother liquor from this 
was diluted somewhat with water and the greater portion the methanol 
distilled off. cooling, the solution set gelatinous mass minute hair- 
like needles. Since this was not form suitable for manipulation, the mix- 
ture was allowed remain warm place for several days during which time 
the crystals became more compact. Filtration with suction and cautious 
washing with water and with dilute methanol served yield small quantity 
colorless crystals. The base was prepared from this product the usual 


268 CANADIAN JOURNAL RESEARCH 


way and recrystallized from chloroform-methanol. was thus obtained 
well-defined, colorless, narrow plates, melting sharply 221° C., which melting 
point was not raised recrystallization. With aqueous oxalic acid yielded 
sparingly soluble oxalate. crystal dissolved acetic acid and treated 
with sulphuric acid rapidly gave violet coloration, which changed green 
heating 150° Further characterization was not possible owing the 
small amount obtained. view the analysis however, little doubt remains 
that the alkaloid cryptopine. Calcd. for 68.29; 6.23; 
3.80; OMe, 16.80%. Found: 68.40; 68.31; 6.30, 6.28; 4.05, 4.06; 
OMe, 17.06, 17.28%. 


Examination the Chloroform Two Unidentified Bases 


The solvent was distilled from the combined chloroform extract and the 
residue dissolved small volume methanol which was added little 
hydrochloric acid. The solution was heated boiling and treated with 
1500 cc. boiling water. The mixture was thoroughly shaken and cooled 
ice. The supernatant liquid was decanted from the residue, the latter again 
dissolved methanol, and the solution treated with hot water. The combined 
decantate was filtered through layer charcoal and thoroughly extracted 
with ether. The ether was removed from the solution heating, the latter 
basified with excess ammonia, and the precipitated bases extracted with chloro- 
form. The combined extract was distilled until dry, filtered through layer 
charcoal and the solvent largely removed. Methanol was added the 
residue and the solution set aside. the course several days crystallization 
base was complete. After filtering and washing with methanol, 
which was only sparingly soluble, melted 175—176° 
twice from chloroform-methanol consisted large, colorless, elongated 
plates, m.p. With concentrated sulphuric acid the cold yielded 
greenish-yellow color which gentle warming first turned red and then 
developed purple violet cast. The yield purified product, which 
provisionally referred alkaloid was 1.7 gm. for 
65.39; 4.63; 3.82%. Found: 65.53, 65.48; 4.73, 4.70; 4.05, 
3.92%. attempted methoxyl determination (Zeisel) was entirely negative. 

The mother liquor from alkaloid from which more the latter could 
crystallized was freed solvent, the residue dissolved dilute hydrochloric 
acid and the solution filtered through charcoal. The filtrate was basified with 
excess potassium hydroxide and the small amount insoluble base (mostly 
protopine) filtered off. The filtrate was saturated with carbon dioxide, during 
which process bulky precipitate fine acicular crystals separated. 
this substance filtered off, washed, and melts about 
not soluble any appreciable extent methanol, chloroform, ethyl acetate, 
ether, either hot cold. When boiled for prolonged time under 
reflux with methanol slowly but completely dissolves. could not however 
obtained crystalline form from this solution, either seeding con- 
centration small volume. Further purification was therefore effected 
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re-solution dilute acid, treatment with alkali, and reprecipitation with 
carbon dioxide. 

The precipitate was washed thoroughly with water and then with large 
volume cold methanol. The base (or carbonate) thus obtained con- 
sisted colorless microcrystalline powder, melting sharply That 
not identical with the alkaloid reported Fischer and Soell follows from 
the fact that their base was readily recrystallizable. Analysis indicated 
composition intermediate between and however the 
substance carbonate the formula best agreement with the 
analytical figures, the carbonate being considered for 
62.40; 6.13; 3.74%. Found: 62.91; 63.05; 
5.99, 5.90; 3.72, 3.63%. 
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CONDUCTIVITY DATA AQUEOUS MIXTURES 
HYDROGEN PEROXIDE AND ORGANIC 


Abstract 


The conductivities formic, acetic, propionic and succinic acids and succinic 
monoperacid have been studied water and aqueous hydrogen peroxide 
solution. These acids all add hydrogen peroxide form un-ionized complexes 
which later, with time, lose water form the so-called peracids negligible con- 
ductivity. The formation such complexes dependent solely the concen- 
tration reagents, the peracid being produced subsequently loss water. 


Introduction 

The former contribution under this title (5) was preliminary investigation 
the ionic changes occurring when hydrogen peroxide was mixed with water 
solvent for certain organic acids. This followed sequel previous 
studies (3, which had shown two outstanding results; viz., (a) that 
analysis the velocity oxidation organic acid hydrogen peroxide 
indicated first-order reaction, and (b) that mixtures water, hydrogen 
peroxide and organic acid, when allowed stand together such tem- 
perature did not favor destructive oxidation, developed with time organic 
peracid. equation representing this was first formulated (4) 


The time for establishing this equilibrium and the amount peracid obtained 
varied with the individual acid. The conclusions the previous study (5) 
indicated that this equation should expanded. 


Previously the work Maass and coworkers (2, had shown that inorganic 
salts dissolved pure hydrogen peroxide were dissociated almost exactly 
the same extent water, that the dielectric constants hydrogen 
peroxide and mixtures these two, are almost identical. Obviously 
marked change conductivity substituting hydrogen peroxide for water, 
partly wholly, implies something other than slight difference degree 
ionization. 

the following pages found careful study these changes from be- 
ginning end, and dealing with formic, acetic, propionic, succinic and per- 
monosuccinic acids. 

Experimental 
Preparation Reagents 

The hydrogen used was that prepared these laboratories 
distillation and concentration from 30% commercial material and contained 
only water impurity. 
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The acids, formic and propionic, were obtained high grade purity and 
used only after the usual procedure purification and testing. Acetic acid 
was prepared the distillation pure calcium acetate with 83% phosphoric 
acid. Succinic acid, obtained pure state, was recrystallized. 

The succinic monoperacid was prepared from high grade succinic anhydride 
the method Clover and Houghton (1), which consists treatment with 
hydrogen peroxide, the succinic acid peroxide obtained being hydrolyzed 
30° C.; the resulting monoperacid was extracted with either ethyl acetate 
ether. The extract contained 75% peracid, the rest being succinic acid. 
other solvent many employed was found more efficient. The crystalline 
product obtained this method was estimated its reaction with potassium 
iodide acetic acid solution, and subsequent titration the liberated iodine 
with 0.2 sodium thiosulphate. 


Determination Conductivity 


The apparatus used (see Fig. was essentially that Cuthbertson and 
Maass (2); the only differences were the construction special cell for each 
acid different strength, and reversing the current the circuit 
obviate the effects polarization those experiments where hydrogen 
peroxide was one the con- 
stituents the solution con- 


The experimental procedure 
consisted: (a) finding the 
cell constant for each type 
cell used means potas- 
sium chloride; (b) deter- 
mining the conductivity 
aqueous solutions the acids 
mentioned above; and (c) 
determining the conductivity 
mixtures acid, water and 
hydrogen peroxide. 

Certain precautions are ne- 
cessary measuring the con- 
ductivity solutions which 
aqueous hydrogen peroxide 
the solvent, order avoid 


trodes. Tin was found Fic. diagram static method conductivity 
Cuthbertson and Maass Key lettering: B,, set for charg- 
ing vane set dry cells for cell primary elec- 

the most suitable metal for trometer electrometer light; 
light; conductivity cell; resistance series wit 

the electrodes. However, primary; high electrometer vane. Switches: 


this investigation tin was electrometer quadrant double-throw switch; electrometer 
vane charging switch; cell primary current double-throw 
ound attacked electrometer light switch; electrometer quadrant 
ably aqueous grounding switch. 


{ 
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organic acids concentrations 
greater than 50% within 
period ten hours. Therefore, 
these electrodes were inserted 


the cell only while the con- 
centration measurement was 
being made the aqueous 
organic acid; thus they were 

never more than half hour 
contact with the acids. 


was first thought peculiar 


that, the presence very 
small amounts hydrogen 
peroxide, tin electrodes remain 


untouched aqueous organic 


Fic. Curves showing rate increase resistance acids over long periods time. 


with addition hydrogen peroxide aqueous organic ivi 
acids. 25.7% formic and 10% peroxide; 20.6% these conductivity meas 


formic and 20% peroxide; 15% acetic and 10% urements the reagents were 


peroxide; 15% propionic and 10% peroxide; 
15% acetic 20% peroxide; succinic separately weighed Pyrex 
and peroxide; 15% propionic and 20% peroxide. flasks and cooled 


were then thoroughly mixed Pyrex jacket about 200-cc. capacity 
which the appropriate cell with electrodes was once inserted and readings 


TABLE 
CONDUCTANCE AQUEOUS SOLUTIONS FORMIC ACID 


Molar Sp. cond. Molar Molar Sp. cond. Molar 
concentration conductivity concentration conductivity 
0.228 16.61 7.285 5.874 74.00 1.260 
1.122 3.425 7.120 1.063 
2.281 53.85 2.361 71.71 0.743 
4.639 1.517 12.357 62.15 0.503 
TABLE 
CONDUCTANCE AQUEOUS MIXTURES FORMIC ACID AND HYDROGEN PEROXIDE 
Molar Molar Molar Duration 
acid peroxide Sp. cond. 104 cond. 
r. 
1.076 3.081 2.763 38.0 
2.851 3.129 1.586 26.0 
6.104 3.216 0.879 32.0 
10.091 3.323 48.71 30.0 
1.112 6.365 2.017 24.0 
6.580 36.54 43.0 
7.141 6.701 36.10 0.505 46.0 
10.484 6.887 31.05 0.296 40.0 


Time minetes 


CONDUCTIVITY HYDROGEN PEROXIDE AND ORGANIC 273 


begun. The quantities 
the reagents, the volume 
and density being known, 
the concentration each 
constituent was calculated 
molar terms. 

and their graphic represent- 
ation, will seen that 
where hydrogen peroxide 
conductivity always ensues 
comparison with the 
purely aqueous solution; 
most this decrease 
apparent the first ten 
minutes after mixing, with 
constant value obtainable 
within one two hours. 
But having once attained 
constancy, remains 
this value for many hours 
days,—the length 
time during which the for- 
mation peracid required 
attainment equilibrium, 
shown Holden (4) 
and Hill signifi- 
cance these constant 
values will appear later. 

The fact that final 
value not immediately 
obtained shown Fig. 
effect consisting the fol- 
lowing factors:— (a) heat 
solution mixing; (b) 
heat reaction between 
the acid and hydrogen 
peroxide; and (c) slight 
heating due the mixing 
being carried outside 
the bath. 


MOLS PER LITRE 


MOLS PER LiTReE 


a0 $0 7e 
SPECIFIC CONDUCTANCE 10°* 


Fic. Specific conductance formic acid water 
and aqueous hydrogen peroxide. water; 


10% peroxide, 20% 40% acid and 
40% peroxide. 


2 3 ir) 


4 
CONDUCTANCE 


Fic. Specific conductance acid water 
and aqueous hydrogen peroxide. water; 


10% peroxide; C,in 20% peroxide; 40% peroxide. 


Tables are shown the data obtained from conductivity measure- 
ments C., first acids and water only, and second, acids, hydrogen 


\ | \ \ 
ry 
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TABLE III 
CONDUCTANCE AQUEOUS SOLUTIONS ACETIC ACID 


Molar Sp. cond. Molar cond. Molar conc’n Sp. cond. Molar cond. 


0.174 4.11 2.365 3.460 10.52 0.304 
0.818 1.019 4.309 9.92 0.230 
1.648 10.36 9.00 0.173 
2.570 10.78 0.419 6.777 7.55 0.111 
TABLE 


CONDUCTANCE AQUEOUS MIXTURES ACETIC ACID AND HYDROGEN PEROXIDE 


Molar 


acid 


Molar Sp. cond. Molar cond. 


Molar 


peroxide 


Sp. cond. 


ww 


NKR 


TABLE 


TABLE 


Molar 


4.088 
6.785 


CONDUCTANCE AQUEOUS SOLUTIONS PROPIONIC ACID 


Duration 
experiment 


20.5 hr. 
11.0 days 
16.0 hr. 


Sp. cond. Molar cond. 


0.131 
0.069 


CONDUCTANCE AQUEOUS MIXTURES PROPIONIC ACID AND HYDROGEN PEROXIDE 


Molar conc’n 


acid 


Molar 
peroxide 


oo 


Sp. cond. 


OU 


experiment 


Molar 
cond. 
0.633 0.969 
0.810 0.831 
3.072 0.727 
1.567 0.520 12.5 days 
2.633 3.106 0.328 8.5 days 
3.147 3.114 0.274 24.0 hr. 
4.079 3.136 0.196 24.8 hr. 
3.181 0.092 14.0 days 
0.669 11.2 hr. 
2.712 6.413 0.253 8.0 hr. 
6.472 0.147 3.8 hr. 
6.571 7.25 days 
1.933 13.651 0.177 42.0 hr. 
13.951 0.013 38.0 hr. 
0.416 5.29 1.270 5.34 
1.362 7.45 0.547 3.72 
2.722 6.87 0.252 2.31 
Molar Duration 
0.701 0.737 45.0 hr. 
2.106 0.271 17.0 days 
3.938 0.105 22.0 hr. 
0.045 64.0 hr. 
0.724 0.554 3.0 days 
2.175 0.195 26.0 hr. 
4.068 0.070 hr. 
5.821 0.027 28.0 hr. 
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peroxide and water. Measurements were 
made with the latter different inter- 
vals time during the growth the 
peracid, tabulating only the total time 
the reaction was followed. The data 
given for succinic monoperacid and water 
were obtained indirectly, the conductiv- 
ity mixture known concentrations 
succinic acid and succinic monoper- 
acid being measured directly and from 
this value the conductivity succinic 
acid subtracted. Aqueous solutions 
n-butyric acid exhibited decided polar- 
ization the determination their 
conductivity; phenomenon not en- 
countered with formic, acetic and pro- 
pionic acids. Apparently, acid 
does not form true solution with water 

the specific conductivity 40% 
solution formic acid plotted 
against increasing concentration hy- 
drogen peroxide, curve obtained 
which resembles that for acetic acid 
Fig. 
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PER CENT HYDROGEN PEROXIDE 


Fic. Specific conductance acetic 
acid with increasing content hydrogen 


peroxide, 


TABLE VII 
CONDUCTANCE AQUEOUS SOLUTIONS SUCCINIC ACID 


10% acid; 40% 


Molar Sp. cond. Molar cond. Molar conc’n Sp. cond. Molar cond. 


6.85 4.508 


Duration 
experiment 


0.043 3.64 0.152 
0.085 §.17 0.202 
0.119 6.07 0.227 
TABLE VIII 
CONDUCTANCE OF AQUEOUS MIXTURES OF SUCCINIC ACID AND HYDROGEN PEROXIDE 
Molar conc’n Molar conc’n Molar 
acid peroxide cond. 
0.128 0.297 6.17 4.814 
0.043 0.594 3.55 8.299 
0.594 4.47 6.528 
0.129 0.596 6.08 4.724 
0.189 0.597 7.30 3.858 
1.197 3.45 8.001 
0.069 1.196 4.34 6.300 
0.130 1.199 5.90 4.554 
1.204 7.05 3.698 
0.194 2.448 6.63 3.420 
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the molar conductivity 
plotted against concentra- 
tion succinic acid and 


succinic monoperacid from the 
data appearing Tables VII, 


those Fig. the curves 


VIII, and curves are 
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and aqueous hydrogen peroxide. 


Fig. 

Aqueous solutions succi- 
nic monoperacid are found 
exceedingly stable com- 
parison with the monobasic 
organic peracids. Conductiv- 
indicated hydrolysis within 
period 25hr. Moreover, 
decomposition the presence 
extremely slow room 
temperature. 


Succinic monoperacid can titrated aqueous solution with sodium 
hydroxide using phenolphthalein indicator. The end-point, however, 
when reached tends show fading which due slow hydrolysis the 
peracid radical into acid and hydrogen peroxide. The actual values obtained 


are shown below. 
Asample (0.1000 gm.) 
the succinic and mo- 
noperacid product 
analysis with potassium 
iodide and sodium thio- 
sulphate showed 0.0730 
gm. succinic monoper- 
acid and 0.0270 gm. 
succinic acid. With 
0.0206 sodium hydrox- 
ide neutralization would 
require 22.28 cc. for the 
succinic acid alone and 
either 52.93 26.46 cc. 
depending whether 
the peracid possessed 
two one replaceable 
hydrogen atoms, making 


Fic.7. Molar conductivity formic, acetic and propionic 
acids water and aqueous hydrogen peroxide. 
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TABLE 


Molar concentration 0.086 0.122 0.155 


Specific conductivity 2.63 3.09 3.48 
Molar conductivity 3.072 2.528 2.241 
TABLE 
CONDUCTANCE AQUEOUS MIXTURES SUCCINIC MONOPERACID AND HYDROGEN PEROXIDE 
Molar Molar Sp. cond. Molar Duration 

acid peroxide cond. experiment, hr. 
0.596 2.36 2.832 39.0 
0.114 0.597 2.70 2.379 15.0 
0.114 1.204 2.56 2.236 21.0 


totals for this sample 
75.21 cc. and 48.74 cc. 
The sample was treated 
with slight excess this 
alkali and titrated back 
with 0.0206 oxalic acid. 
The values are 
alkali added, 57.50 cc.; 
oxalic acid added, 8.00 
the difference being 49.50 
cc. another such sample 
were added 64.00 cc. 
alkali, 14.60 cc. oxalic 
acid, and the difference 
found was 49.40 cc. These 
values 49.50 and 49.40 
cc. agree well with the 


48.74 cc. stated Fic. Specific conductance succinic acid and suc- 
above, since some hydroly- monoperacid water and aqueous hydrogen 
sue standing for even 


short time with cc. peracid peroxide; succinic peroxide. 
excess alkali. 


Thus the succinic monoperacid radical has titratable the 
peracid radical un-ionized. This certain agreement with the con- 
ductivity results shown before. 


MOLS PER LITRE 


Discussion Results 


Organic acids being weak electrolytes obey dilution law and their 
conductance intimately related the dielectric constant the solvent 


CONDUCTANCE OF AQUEOUS SOLUTIONS OF SUCCINIC MONOPERACID 
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which they are dissolved. Linton and Maass (6) having shown that the dielec- 
tric constants water, hydrogen peroxide and mixtures both are 
approximately the same, might expected that organic acid dissolved 
such mixture would show practically the same conductivity water alone. 
Since, however, every case large decrease conductivity takes place which 
dependent the concentrations acid and peroxide, obviously the peroxide 
acts such way remove ions from solution. Because the results 
obtained Cuthbertson and Maass (2) with inorganic salts, the only way 
which this removal could take place must combination with the ionogen. 
This would upset the equilibrium 


and materially reduce the number ions which give the specific conductivity 
its additive relationship. Likewise, combination peroxide with the ionogen 
must produce substance having, least, much lower conductivity than the 
acid itself. 

this connection the experiments with the very stable succinic monoperacid 
are significance, for the conductivity this compound has been shown 
almost the same that butyric acid; from this becomes apparent that 
the action hydrogen peroxide the dibasic succinic acid such remove 
from the sphere influence one the groups until the monoperacid 
this group effectually eliminated. This further enhanced the results 
obtained when succinic monoperacid dissolved mixture hydrogen 
peroxide and water, for this case the only existing carboxyl group further 
attacked hydrogen peroxide, tending also its elimination ionizing 
factor. 

Turning now the monobasic acids under consideration, the fact 
importance that their instability hydrolysis great; that must 
assumed, for the moment, that the acid-hydrogen peroxide complex formed 
mixing has appreciable conductivity. This assumption justified the 
results with succinic monoperacid, and must receive confirmation the relation- 
ships the interaction between monobasic acid and hydrogen peroxide obey 
the law mass action. 

acid HX, ionizing gives the relationship 


the ionization constant. 
This may also expressed 


one molecule each acid and hydrogen peroxide unite form complex, 
have the expression 


= 
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molar concentration formic acid but ionized, while the percentage 
ionization acetic and propionic acids about one-third this value. Thus 
these determinations may said that these acids exist these concen- 
trations almost altogether the undissociated state. will seen that the 
specific conductivity these acids water almost constant for concentra- 
tions above however, much this acid removed combination 
the undissociated part, the number ions carrying the current decreases, 
thus decreasing the specific conductivity. Therefore, any new concentration 
acid (due removal acid combination with hydrogen peroxide) 
Equation (1) would still hold; thus 


This obviously true only the complex has appreciable con- 
ductivity itsown. But, according Equation (2), 


therefore, Equation (3) becomes 


considering Equation (1), the conductivity the ions water may 
represented the specific conductivity; and Equation (5) the same holds. 
Therefore, 


or, 


other words, the ratio the concentration acid water only, the same 
concentration water and hydrogen peroxide diminished the amount 
acid which has united with the hydrogen peroxide form un-ionized com- 
plex, equal the ratio their respective specific conductivities. 

must not lost sight that the relationship shown Equation (6) holds 
long the conductivity the hydrogen peroxide water negligible and 
the uncombined acid does not show too great conductivity its own 
highly concentrated solution with respect hydrogen peroxide. The former, 
since hydrogen peroxide possesses specific conductivity less than 
and the latter, except where the relative proportions acid hydrogen 
peroxide leave much acid uncombined, will not influence conductivity measure- 
ments any appreciable extent. 
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TABLE 
Formic acid 
1.076 37.31 3.081 2.763 3.315 0.066 
38.15 6.365 2.017 7.071 0.065 
2.851 3.129 45.20 1.586 8.917 0.074 
70.31 6.580 36.54 0.675 0.073 
6.104 74.61 0.879 0.087 
7.141 75.74 6.701 36.10 0.505 .840 0.078 
10.011 70..44 13.551 10.40 0.104 0.063 
10.091 48.71 0.483 0.091 
10.484 31.05 0.296 72.210 0.079 
Acetic acid 
0.633 6.97 6.13 0.969 1.940 0.040 
0.810 6.73 0.831 2.485 0.063 
0.835 8.47 5.58 0.669 0.054 
0.987 9.09 3.072 7.18 0.727 0.069 
1.567 10.24 8.15 0.520 4.836 0.066 
1.933 10.61 13.651 3.42 0.177 0.050 
10.81 3.106 0.328 8.176 0.065 
2.712 10.79 6.413 0.253 0.057 
3.147 10.70 3.114 8.61 0.274 0.063 
4.079 10.10 7.99 0.196 12.790 0.067 
4.200 9.98 6.472 6.17 0.147 0.059 
7.83 3.181 5.92 0.092 0.077 
6.640 7.6 6.571 4.21 0.063 .630 0.069 
7.900 6.72 13.951 0.99 0.013 110.210 0.061 
Propionic acid 
0.701 6.14 3.054 5.17 0.737 2.141 0.052 
0.724 6.23 4.01 0.554 4.567 0.056 
2.106 7.48 3.059 0.271 6.441 0.077 
7.41 6.318 4.24 0.195 13.740 0.068 
5.55 4.12 0.105 0.085 
4.068 6.329 2.85 0.070 25.744 0.074 
3.49 2.52 0.045 18.110 0.086 
3.28 6.340 1.58 0.027 36.905 0.082 
Succinic acid 
0.194 7.55 3.420 0.474 0.050 
0.191 1.204 7.05 3.700 0.230 0.047 


Table shows the data taken from Tables II, III, VI, VII, VIII, 
and Figs. and the vertical columns contain the following 


IV. 


Molar concentration acid; 

Specific conductivity above concentration water 
only; 

Molar concentration hydrogen peroxide when the concentration 
acid that given Column 

Specific conductivity mixture acid, hydrogen peroxide and water 


_ 
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Calculated molar conductivity mixture; 
VI. Product and III; 
VII. The constant 
The constant Column VII above calculated from Equation (6) using 
the values Columns II, III, and VI. 

will observed that these constants are well maintained except con- 
centrations the monobasic acids below molar where the concentration 
complex very small. significant that this constant apparently inde- 
pendent the nature the acid and its ionization constant, and affords proof 
the previous assumption interaction with un-ionized acid form 
un-ionized complex. 

The constancy conductivity decrease observed over periods days for 
each mixture recorded Tables II, IV, VI, VIII, taken conjunction 
with the time-growth peracid previously studied (3, permits now the 
formulation the mechanism the reaction between organic acid and 
hydrogen peroxide the initial stages before disintegration action occurs. 
mixing these two reagents water complex immediately formed; this 
consists one molecule acid combined with one molecule hydrogen 
peroxide and without conductivity, the hydrogen peroxide adding the un- 
ionized carboxyl group the organic acid molecule means co-ordinate 
linkages form what Sidgwick (7) calls six-membered chelate ring shown— 


This complex may lose water slowly rapidly, depending its stability, 
form the peracid, thus 


‘ 


This stability great the dibasic acids due the presence second 
carboxyl group, just the ionization dibasic acid affected. Also the 
time required for the growth peracid such loss water appears 
individually characteristic each monobasic acid, with perhaps some relation 
the ionization constant such acid (3). 


— 
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The peracid when formed hydrolyzes addition water give back the 
original acid and hydrogen peroxide according the scheme: 


This then the extended form the equilibrium previously found (3, 4). 

the light these results conductivity change and titration 
stable organic peracid with alkali, the generally accepted formula for organic 
peracid, viz., R.COOOH, untenable. Obviously the so-called peracid 
merely oxygen addition product capable giving its oxygen like any 
highly reactive peroxide. That formed means hydrogen peroxide 
has been conveniently demonstrated. The formation peracids previously 
reported many cases so-called autoxidation therefore much simplified 
since their case brought about oxygen only. case has been 
necessary formulate any mechanism include the primary addition 
water the primary removal hydrogen. 
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THE O-METHYLATION 
ANSEL ANDERSON? 


Abstract 


The methylation penta-acetylquercetin with sulphate and potas- 
sium hydroxide Freudenberg’s method yields both penta- and tetramethyl- 
quercetin the proportion about 2:1. modification the method using 
twice the quantity reagents yields pentamethylquercetin only (yield, 84%). 
There indication nuclear methylation. 


the course recent investigations was necessary obtain good 
yield fully methylated derivative from rather small quantity tricin. 
the methods for the methylation flavones heretofore reported, that 
Freudenberg (1) appeared the most promising. treating penta-' 
acetylquercetin boiling methyl alcohol with dimethyl sulphate and potas- 
sium hydroxide, obtained yield fairly pure pentamethyl- 
quercetin. Gomm and Nierenstein (2) were unable duplicate these results. 
The method was therefore reinvestigated. 

this laboratory the method has yielded mixture penta- and tetra- 
methylquercetin the proportion about 2:1. The latter separates almost 
immediately dilution the reaction mixture and filtered off. The 
pentamethylquercetin often remains solution the filtrate for several days 
and then separates very slowly, property which has been previously observed 
Perkin carrying out the reaction necessary add the various 
quantities reagents rapid succession directed Freudenberg 
the reaction carried out more slowly the yield tetramethylquercetin 
increased the expense the derivative. 

Gomm and Nierenstein (2) report that they were unable prepare penta- 
methylquercetin this method. They obtained only tetramethylquercetin, 
and they suggest that Freudenberg apparently mistaken impure 
tetramethylquercetin for pentamethylquercetin”. This difficult credit 
since the former pale yellow whilst the latter colorless. view the 
experience obtained this laboratory seems entirely probable that the 
method, the hands its originator, yielded almost pure penta- 
methylquercetin. the other hand appears that Gomm and Nierenstein 
failed isolate this compound owing its property remaining solution 
for long periods. 

modification Freudenberg’s method, using twice the quantity re- 
agents, yields 84% fairly pure pentamethylquercetin. There are indica- 
tions nuclear methylation. The method should have wide application for 
the methylation flavones. necessitates the preparation the acetyl 
derivative, but this may used the crude condition and generally ob- 
tained quite readily good yield. Moreover, since acetylation often used 
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the purification flavones both natural and synthetic origin, the acetyl 
derivative may readily available the flavone itself. 


Experimental 

Pentamethylquercetin 

Penta-acetylquercetin gm.) was suspended boiling methyl alcohol 
(130 cc.) and treated with dimethyl sulphate (24 cc.) and aqueous potassium 
hydroxide (14 cc. 50%), and then with eight further portions cc.) 
sulphate and eight portions cc. 50%) potassium hydroxide, 
alternately, rapid succession. The total time taken for the addition the 
reagents was about min. The reaction mixture was cooled, diluted with 
water (300 cc.) and filtered from trace precipitate. After standing for 
two days the pentamethylquercetin, which had separated gradually almost 
colorless needles, was collected, washed and dried (1.22 gm.=84% the 
theoretical), m.p. 147—148° C*. was recrystallized three times from alcohol 
and obtained colorless needles, m.p. 151—152° alcoholic solution 
the compound remained colorless the addition few drops alcoholic 
potassium hydroxide solution. 


Freudenberg’s Method 


Penta-acetylquercetin gm.) was suspended boiling alcohol 
(130 cc.) and treated with sulphate (12 cc.) and aqueous potassium 
hydroxide (14 cc.), and then with four further portions cc.) dimethyl 
sulphate and four portions cc. 50%) potassium hydroxide, alternately, 
rapid succession. The total time taken for the addition the reagents was 
about min. The reaction mixture was cooled, diluted with water (300 cc.) 
and allowed stand the refrigerator for three hours. The pale yellow 
precipitate was then filtered off. The filtrate 
was allowed stand the refrigerator for one week. Pentamethylquercetin 
separated very slowly cream-colored, semi-crystalline precipitate. 

The (0.36 gm.) was recrystallized from alcohol (Norit) 
and obtained pale yellow needles, m.p. Four recrystallizations 
from alcohol raised the melting point 159—160° 

The pentamethylquercetin (0.76 gm.) was recrystallized from alcohol (Norit) 
and obtained almost colorless needles, m.p. 144—146° Five further 
recrystallizations from alcohol yielded colorless needles, m.p. 151—152° 
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THE YELLOW COLORING MATTER KHAPLI WHEAT, 
TRITICUM DICOCCUM 


II. THE CONSTITUTION 
ANSEL ANDERSON? 


Abstract 


Khapli wheat leaves contain very small quantity trihydroxydimethoxy- 
flavone, tricin. Marquis yields trace the same compound. These two 
varieties also contain water-soluble coloring matters which are apparently gluco- 
sides tricin aclosely related compound. Dyeing tests carried out with six 
other wheat varieties indicate that all contain essentially the same coloring 
matters. 

Methylation tricin and hydrolysis the resulting O-trimethyltricin yielded 
3,4,5-trimethoxybenzoic acid and 2-hydroxy-4,6-dimethoxyacetophenone. was 
therefore assumed that tricetin, the pentahydroxyflavone derived from tricin, was 
This was synthesized from 3,4,5-trimethoxy- 
benzoic acid and phloracetophenone the Allan-Robinson method. Mixed 
melting-point determinations showed that its and 
derivatives are identical with the corresponding derivatives tricetin. The dye- 
ing properties and color reactions synthetic and natural tricetin are identical 
and are fair agreement with those described Badhwar, Kang and Vent- 
kataraman (3, 1111) who recently reported the synthesis the same compound. 


For reasons which have been fully discussed Newton and Anderson (12), 
study being made the phenolic compounds the wheat plant and 
their possible role rust resistance. preliminary quantitative investigation 
the leaves eight wheat varieties graded resistance rust was reported, 
was shown that phenols were most abundant the most rust resistant 
variety, Khapli. qualitative investigation the compounds this class 
present Khapli wheat leaves was therefore undertaken. 

The main phenolic compounds Khapli wheat leaves are yellow coloring 
matters the flavone class. these, water-soluble pigment, which 
probably mixture two more compounds, occurs most abundantly. 
There also present very small quantity, water-insoluble flavone, tricin. 
The isolation was reported Anderson and Perkin (2) 
and was shown that dimethyl ether new pentahydroxyflavone, 
tricetin. The constitution the latter has now been determined 

Methods for the isolation the water-soluble dyestuff are still under in- 
vestigation. The indications are that least two compounds this class 
are present. They have far been isolated only semi-crystalline powder 
which appears mixture several compounds. mordanted wool, 
this powder dyes shades closely resembling those produced tricetin. 
has the precipitation and color reactions flavone glucoside but does not 
yield precipitate flavone when subjected acid hydrolysis. Further 
investigation has been postponed pending the isolation new supply the 
powder. 
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Direct dyeing tests, using mordanted wool and ground leaves, indicate that 
these dyestuffs occur all eight varieties wheat tested, namely, Khapli, 
Vernal, Kanred, Kota, Kubanka, Mindum, Marquis and Little Club. The 
quantity dyestuff present, judged the depth color produced, varies 
with the variety, but considerably greater Khapli and Vernal, the two 
most rust resistant wheats. Tricin and preparation the water-soluble 
coloring matter have been isolated from both Khapli and Marquis wheats. 
appears that these flavones are characteristic constituents the wheat 
species. 

has been reported previously (2), tricetin, fusion with alkali, yielded 
phloroglucinol and acid thought gallic acid. was therefore ten- 
tatively assumed that tricetin was The 
synthesis this compound was undertaken Bargellini and Monti (4) 
boiling with hydriodic acid. 
The melting points their flavone and its acetyl derivative were res- 
pectively 60° and 24° lower than those tricetin and O-penta-acetyltricetin. 
attempt was made the present author synthesize 5,7,3’,4’,5’-penta- 
the Allan-Robinson method (1). compound similar to, 
but not identical with, tricetin, was obtained good yield. was wrongly 
assumed that this was and this led the 
erroneous statement that tricetin had not this structure (2). 

further small quantity tricin was isolated recently. This was methyl- 
ated and the resulting O-trimethyltricin (O-pentamethyltricetin) was hydro- 
lyzed alcoholic potash. 3,4,5-Trimethoxybenzoic acid and 2-hydroxy-4,6- 
dimethoxyacetophenone were isolated from the reaction mixture, thus confirm- 
ing the results the previous alkaline fusion tricetin. these cir- 
cumstances seemed improbable that tricetin could have any other structure 
than that Attention was therefore redi- 
rected the synthesis. 

Further investigation showed that when phloracetophenone was heated 
with smaller quantities 3,4,5-trimethoxybenzoic anhydride and sodium 
3,4,5-trimethoxybenzoate, and the product hydrolyzed and isolated the 
usual manner, mixture two compounds resulted. That produced much 
smaller quantity was (I, 
methylation yielded O-pentamethyltricetin. demethylation 
yielded tricetin, identical all respects with the natural product. Tricetin 
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The compound obtained greater quantity was identical with that obtained 
(II). Analogous results have been 
obtained Allan and Robinson (1) who report that the benzoylation res- 
acetophenone yielded 7-hydroxy-3-benzoylflavone well 7-hydroxyflavone. 
Bhullar and Ventkataraman (5) find that this substitution invariably occurs 
the synthesis naphthaflavones from 2-acetyl-1-naphthol. Canter, Curd 
and Robertson (6) and others cited them, find that the formation 
2-methyl-1,4-benzopyrones from o-hydroxyacetophenones means acetic 
anhydride and sodium acetate sometimes accompanied acetylation 
the 3-position. 

was prepared from the above- 
mentioned 3-substituted flavone boiling for min. with aqueous 
potassium hydroxide solution. The compound not nearly readily 
hydrolyzed alcoholic solution. Thus, when was boiled for two hours with 
alcoholic potash, some the starting product remained unattacked and 
the same time most the end-product was lost breaking down the pyrone 
ring. For these reasons, attempts increase the yield 5,7-dihydroxy- 
more strenuous hydrolysis during the last step 
the synthesis were unsuccessful. analogous hydrolysis has been reported 
Wittig, Baugert and Richter (13) who obtained 2-methylchromone 
boiling 2-methyl-3-acetylchromone for one hour with sodium hydroxide 
solution. 

Since the completion this work, Badhwar, Kang and Ventkataraman (3) 
have published the synthesis the same 
method. Their results are fair agreement with those reported this paper, 
but there are certain discrepancies which are pointed out later. 


Experimental 
Tricin 
Khapli wheat was grown the field until the plants were about in. high, 
when they were cut off level with the ground. The crop was dried for several 
days ordinary temperatures and finally for about hr. 35° The 
leaves were then quite brittle and were readily ground coarse powder. 

The powder (26.5 lb.) was exhaustively extracted with 95% ethyl alcohol 
percolation room temperature. The dark green extract was concen- 
trated distillation vacuo until the concentration alcohol had been 
reduced about 25%. The extract was dark green sludge 
and worked portions the following method. The solution (750 cc.) 
was poured into equal volume ether, shaken, allowed stand, and the 
aqueous layer was then drawn off. The ether was washed twice with small 
portions water and then extracted with dilute sodium carbonate solution 
2%). The pale green alkaline solution was made just acid with dilute 
hydrochloric acid and the dark green precipitate was filtered off and washed 
with chloroform. This gave crude tricin, pale greenish-yellow powder 
(total wt., 2.6 gm), which was purified recrystallization from dilute alcohol 
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(Norit) and obtained pale yellow needles (1.3 gm.) melting about 275° C.* 
When purified several further recrystallizations, tricin softens suddenly 
278° but does not form clear liquid until temperature 288° 
reached. Analysis: for 61.8; 9.1%. Found: 
61.7; 4.4; CHs, 8.8%. 

Marquis wheat leaves (30 Ib.) yielded, the same method, pale yellow 
powder (0.06 gm.) which was purified acetylation and identified O-tri- 
acetyltricin mixed melting-point determination. 

(Anderson and Perkin, (1.23 gm.) was suspended 
boiling alcohol (65 cc.) and treated with methyl sulphate (12 cc.) and 
aqueous potassium hydroxide (14 cc. 50%), and then with eight further 
portions cc.) methyl sulphate and eight portions cc. 50%) potas- 
sium hydroxide, alternately, rapid succession. After cooling, water (125 cc.) 
and ether (25 cc.) were added with thorough shaking. The compound crystal- 
lized out almost colorless needles (0.96 gm.). was recrystallized from 
alcohol and obtained colorless needles, m.p. Analysis: 
Caled. for 64.5; 5.4; CHs, 20.2%. Found: 64.4; 5.5; 
CHs, 

O-Trimethyltricin readily soluble and ethyl alcohol. The color- 
less alcoholic solution shows change the addition alcoholic potassium 
hydroxide alcoholic ferric chloride. 

Alkaline Hydrolysis O-Trimethyltricin 

O-Trimethyltricin (0.85 gm.) was refluxed for six hours ethyl alcohol 
(21 cc. 80%) with potassium hydroxide (4.25 gm.) The solution was 
evaporated small volume cc.) and then taken water The 
solution was filtered from little dark residue and saturated with carbon 
dioxide. flocculent precipitate the phenol separated. was collected, 
washed with water and dried desiccator (0.40 gm.). 

The filtrate was extracted several times with ether and then acidified with 
dilute hydrochloric acid. The acid separated once colorless needles 
which were collected and dried (0.33 gm.), m.p. 167—169° 

The acid was recrystallized from methyl alcohol (Norit) and obtained 
colorless needles, m.p. 169—170° The melting point was not depressed when 
the compound was mixed with equal quantity O-trimethylgallic acid 
melting the same temperature. 

The phenol was taken alcohol, filtered from trace insoluble 
inorganic residue, boiled with Norit and the solution concentrated small 
volume. separated colorless plates melting ‘rather indefinitely between 
80° and 85° This melting point was not depressed when the compound 
was mixed with equal quantity 2-hydroxy-4,6-dimethoxyacetophenone, 
m.p. 83—85° The phenol was acetylated, the product was recrystallized 
from alcohol and was obtained colorless needles, m.p. 105—107° 
mixed melting-point determination showed this product 2-acetoxy-4,6- 
dimethoxyacetophenone, m.p. 106—107° 


points this paper are not 


\ 
\ 


THE CONSTITUTION TRICETIN 


Phloroglucinol was acetylated the method Chattaway (7). O-Tri- 
methylphloroglucinol was prepared from the derivative the method 
Freudenberg (8). O-Trimethylphloroglucinol was converted 2,4,6-tri- 
methoxyacetophenone, the latter 2-hydroxy-4,6-dimethoxyacetophenone, 
and this 2-acetoxy-4,6-dimethoxyacetophenone the method Kostanecki 
and Tambor (11). 

mixture phloracetophenone (Hoesch, 10) gm.), 3,4,5-trimethoxy- 
benzoic anhydride (Heap and Robinson, (14.5 gm.) and sodium 
gallate (3.5 gm.) was heated oil-bath 175° for four hours, with 
mechanical stirring. After cooling, the dark brown, solid mass was chipped 
out the flask, ground and refluxed with alcohol. The solid did not dissolve 
any appreciable extent. solution potassium hydroxide (4.7 gm.) 
water cc.) was added gradually. The solid dissolved form reddish- 
orange solution. Boiling was continued for min. Most the alcohol 
was then removed distillation vacuo. The residue was taken water 
(200 cc.), filtered from trace insoluble matter, and the filtrate was saturated 
with carbon dioxide. flocculent yellow precipitate separated. This was 
collected, washed with water, and thoroughly pressed out. was then 
triturated with warm acetic acid (20 cc.) whereupon most dissolved. 
After cooling, the pale brownish-yellow residue, was filtered off, washed 
with little alcohol, and dried (0.75 gm.), m.p. 

The acetic acid filtrate was concentrated about one-third its volume and 
diluted with methyl alcohol (10 cc.). pale yellow, crystalline precipitate, 
separated immediately. was collected, washed with methyl alcohol and 
dried (2.57 gm.), m.p. 

The fraction was recrystallized twice from glacial acetic acid (Norit) and 
obtained pale yellow needles, m.p. 269—270° (Badhwar, Kang and 
Ventkataraman, 264—265° C.). Analysis: Calcd. for 62.8; 
4.7; 13.1%. Found: 62.8; 4.8; 13.0%. 

soluble glacial acetic acid, 
ethyl alcohol, chloroform and ethyl acetate; more sparingly soluble methyl 
alcohol, sparingly soluble toluene, benzene and ether; and insoluble petrol 
ether and water. dissolved concentrated sulphuric acid give non- 
fluorescent yellow solution (Badhwar a/, yellow solution with violet 
fluorescence). The almost colorless solution hot glacial acetic acid turns 
bright yellow the addition little sulphuric acid, orange- 
yellow needles the oxonium salt separate cooling. The flavone dissolves 
aqueous sodium hydroxide give bright yellow solution. alcoholic 
solution gives reddish-brown color with trace dilute alcoholic ferric 
chloride and dark olive-brown with more concentrated reagent. 

(0.5 gm.) was boiled with acetic 
anhydride cc.) containing trace pyridine, for one hour. After cooling, 
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equal volume alcohol was added, and standing the compound crystal- 
lized out almost colorless needles (0.40 gm.). was recrystallized from 
alcohol and obtained clusters almost colorless needles, m.p. 160—162° 
Analysis: Caled. for 61.7; CHs, 10.5%. Found: 61.5; 
4.7; CHs, 10.3%. 


5,7-Diacetoxy-3’,4’,5’-trimethoxyflavone (0.5 gm.) was suspended methyl 
alcohol (30 cc.) and methylated means methyl sulphate (18 cc.) and 
aqueous potassium hydroxide (23 cc. 50%) the method previously des- 
cribed. The product (0.5 gm.) was recrystallized several times from methyl 
alcohol and was obtained clusters colorless needles, m.p. 192—193° 
mixed melting-point determination with O-trimethyltricin gave the same 
value. Analysis: for 64.5; 5.4; 20.2%. Found: 
64.6; 5.4; CHs, 19.6%. 


(Tricetin) 
(0.51 gm.) was suspended 
mixture hydriodic acid (25 cc., sp. gr. 1.7) and acetic anhydride (12.5 cc.) 
and heated The compound dissolved and after few minutes 
orange-yellow precipitate began separate. After two hours the reaction 
mixture was diluted with boiling water (300 cc.) and heated the steam bath 
for one hour. After cooling, the pale yellow precipitate was collected, washed 
with water and dried (0.43 gm.). was recrystallized from dilute alcohol and 
obtained pale yellow microscopic needles, which decomposed gradually 
above 330° (Badhwar al., decomposes about 310° C.). Analysis: 
Caled. for 5.6%. Found: 5.5%. Caled. for 
soluble glacial acetic acid, ethyl and 
alcohols, acetone and ethyl acetate; sparingly soluble ether, 
very sparingly soluble hot water and insoluble ligroin, chloroform, 
benzene and toluene. dissolves concentrated sulphuric acid give non- 
fluorescent yellow solution (Badhwar al, yellow solution with green 
fluorescence). dissolves aqueous sodium hydroxide give orange-red 
solution. alcoholic solution gives reddish-brown color with trace 
dilute alcoholic ferric chloride and dark olive-brown with more concen- 
trated reagent. With alcoholic lead acetate gives bright orange-yellow 
precipitate (Badhwar al, brown precipitate). When alcoholic solution 
the flavone treated with trace dilute alcoholic potash, greenish- 
yellow color develops. the addition more rgagent the color changes 
olive-green and finally.to reddish-brown. the last stage brown precipitate 
separates; this redissolves the addition few drops water give 
brownish-orange-red solution. These color reactions were compared directly 
with those given tricetin and were found identical all respects. 
When dyed mordanted wool, both synthetic and natural tricetin give 
identical colors, namely, yellow aluminium-, lemon yellow tin-, yellowish- 
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brown and very dark olive (greenish-black) iron-mordanted 
wool (Badhwar al, yellow, dull yellow, biscuit and slate grey). 


(O-Penta-acetyltricetin) 

(0.28 gm.) was boiled for one hour with 
acetic anhydride cc.) containing drop pyridine. The product crystallized 
out cooling. was collected and again treated previously described. 
The product (0.35 gm.) was recrystallized from mixture alcohol and acetic 
acid and obtained colorless needles, m.p. 241—242° C., and this could not 
raised further recrystallization. This melting point lower than 
that previously reported for O-penta-acetyltricetin (2). However, the small 
sample natural tricetin available, when acetylated described above, 
yielded derivative melting the same temperature. mixture the two 
compounds also melted the same temperature. Analysis: Calcd. for 
58.6; 3.9%. Found: 58.7; 4.0%. 


The second fraction, obtained the synthesis was recrystallized from 
dilute methyl alcohol and obtained very pale yellow needles, 
203—204.5° Analysis: Caled. for 62.4; 4.9; 16.8%. 
Found: 62.7; 5.0; 16.8%. 

The compound very readily soluble glacial acetic acid, chloroform 
and acetone; readily soluble ethyl alcohol, soluble alcohol, ether, 
ethyl acetate, benzene and toluene; very sparingly soluble hot water and 
insoluble ligroin. dissolves concentrated sulphuric acid give 
dark greenish-blue solution and aqueous sodium hydroxide produce 
bright yellow solution. alcoholic solution gives brownish-red color 
with trace alcoholic ferric chloride and dark olive-brown color with 
more concentrated reagent. 

The compound was acetylated the method last described and recrystal- 
lized from little acetic anhydride the addition alcohol. The derivative 
was obtained colorless needles, m.p. 189—191° Analysis: Caled. for 
CHs, 14.2; C.H;0, 14.3%. 

The 3-substituted flavone gm.) was boiled for min. with aqueous 
potassium hydroxide solution (100 cc. 1%). The solution was then cooled 
and saturated with carbon dioxide. The pale brownish-yellow precipitate was 
collected, washed, and dried (0.35 gm.). was recrystallized from glacial 
acetic acid (Norit) and obtained pale yellow needles, m.p. 269—270° 
The melting point was not depressed when the compound was mixed with 
equal quantity 
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OBSERVATIONS THE GONADS MALE BIRDS 
AFFECTED WITH FOWL PARALYSIS 
(NEUROLYMPHOMATOSIS 


Abstract 


Observations are presented six male birds affected with paralysis. 
Characteristic lymphoid infiltrations were found the nervous system and the 
testes. Lymphomatous tumors the testes occurred three the birds. 
Evidence presented that spermatogenesis was definitely suppressed. 


monograph fowl paralysis, Pappenheimer, Dunn and Cone (11) 
have noted that the testes normal paralytic fowl seemed be, all the 
viscera studied, the least favorable site for localization the lymphoid in- 
filtrations that are characteristic fowl paralysis. Furthermore, male 
birds their series showed lymphomatous tumors. Observations this 
laboratory are variance with those Pappenheimer al. 


Review Literature 


While fowl paralysis occurs both male and female birds, the number 
paralyzed male birds available for post-mortem examination comparatively 
small, since the majority the males are discarded between and weeks 
age before the usual age onset paralysis). Nevertheless, Pappen- 
heimer (11) have shown that the Leghorn flock the Storrs Agricul- 
tural Experiment Station, the percentage incidence paralysis was about 
equal both sexes. 

interesting note that the first account (8)* fowl paralysis was 
based upon study four males. the four birds made partial 
recovery and one died after days. The fourth bird was killed four weeks 
after the onset symptoms and showed the typical histopathology fowl 
paralysis.) 

series spontaneous cases fowl paralysis examined Pappen- 
heimer (11) there were but four males. Three these showed immature 
testes, but the exact age was not known. the fourth case, the testes were 
not examined. their experimentally inoculated chickens there were but 
two paralyzed males, one killed the 122nd day, the other killed the 137th 
day. The testes these two cockerels were also immature, the seminal 
epithelium being almost wholly undifferentiated. the basis com- 
parison with normal cockerels equal age, Pappenheimer concluded that 
the case the two paralyzed males, spermatogenesis was definitely delayed 
suppressed. Furthermore, lymphoid infiltrations lymphomatous 
tumors found this series birds. 
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Various investigators have brought forward evidence that fowl paralysis 
may transmitted from the adult the chick through the egg (3, 12). 
The role the male bird the transmission the disease is, however, not 
definitely known. Warrack and Dalling (12) state that have in- 
sufficient evidence justify conclusion that the male bird may play part 
transmission, there are good grounds for believing that this may occur 
some cases. (In out outbreaks the only imported stock were 


Material and Methods 


Out large number paralyzed male birds that have been examined 
this laboratory, proposed deal here with six male birds showing 
various manifestations the disease. The males were hatched from eggs 
secured four different times from flock which fowl paralysis and lym- 
phomatous tumors were prevalent. Five the six males were crossbreds 
(Black Orpington R.I. and Barred Rock while one male was 
pure bred R.I. Red. 

careful post-mortem examination was made each bird. Small pieces 
tissue from the nervous system and viscera each bird were fixed 
solution, embedded paraffin and sectioned according the usual technique. 
Routine histological stains were used. Only sufficient number sections 
were made enable the authors establish positive microscopic diagnosis 
fowl paralysis. However, serial sections the spinal cord with the 
attached nerve roots and ganglia the thoracic region were made each 
case. One both testes from each bird were examined. summary 
the histological findings each the six birds included the following 
notes. 

Clinical Features and Pathology 
W.B. 2069 


Crossbred male (Black Orpington R.I. Red 9). Killed November 14, 
1931 (128 days old). 

The bird showed lack co-ordination walking for several days before 
was killed. The left wing was droopy and spastic. The head appeared 
dull and pale. The bird was fair flesh. 

Autopsy. extensive lesion was found the left brachial plexus, ex- 
tending the corresponding segments the spinal cord. The brachial 
nerves were about five times their normal size and were yellowish and trans- 
lucent. The intercostal nerves the left side were also considerably enlarged. 
The brain, lumbosacral plexus and sciatic nerves appeared normal. 
Scrapings from the intestinal tract contained few coccidia. The right testis 
was approximately 1.4 0.5 0.5 cm., while the left was much larger, being 
3.7 2.8 1.8 cm. (Fig. left testis was tumor-like, firm, grayish- 
yellow and translucent. 

Microscopic examination. examination was made the gross lesions 
the spinal cord and brachial plexus, since the material was used inoculation 
experiments. The sciatic nerve, which did not show gross lesions, micros- 


my 
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Fic. W.B. 2069, male. Longitudinal section sciatic nerve showing dense lymphoid 
infiltration, X1200. W.B. 2069, male. Section lymphomatous tumor the testis. 
Note cells X1200. W.B. 2814, male. Section spinal cord showing dense 


lymphoid infiltration, X1200. Fic. W.B. 10702, female. 
the ovary. cells mitosis, 1200. 


Section lymphomatous tumor 
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copic examination revealed extremely dense infiltration, consisting mainly 
small lymphocytes, throughout the entire cross section the nerve. Large 
lymphocytes, large mononuclears and plasma cells were also present. The 
infiltration was particularly dense around the small blood vessels. Cells 
showing mitosis were fairly numerous (Fig. 1). 

Small dense areas perivascular infiltration, 
consisting mainly small lymphocytes and 
few large ones, were seen the liver. The spleen 
was normal. 

Histologically the left testis had the appear- 
ance typical lymphomatous tumor. The 
seminiferous tubules were almost completely ob- 
literated lymphoid infiltration. Small lympho- 
cytes predominated and were densely packed. 
There was also considerable number larger 
lymphoid cells with nuclei more vesicular 


Fic. W.B. 2069, male. 
character and with more cytoplasm. Cell tumor the left 


feration was apparently very active, since large testis underdeve- 


loped. Natural size. 
numbers mitotic figures were visible (Figs. 


and 7). 


W.B. 2872 

Crossbred male (Black Orpington Barred Rock 9). Killed July 15, 
1931 (116 days old). 

Clinical symptoms were negative. The bird appeared good 
condition. 

Autopsy. The bird was apparently normal, except that the left testis, 
which measured approximately 6.5 
cm. was considerably larger than 
the right testis, which measured 1.5 
very firm and grayish white color. 
Scrapings from the intestinal tract show- 
the presence few coccidia. 

Microscopic examination. micro- 
scopic lesions were seen sections from 
several blocks the nervous system, 
except the posterior root-ganglia 
the thoracic region, which showed dense 

W.B. 2872, male. Lymphomatous perivascular infiltrations composed 
tumor the left Right testis under- mainly small lymphoid cells. One 
sise. two cells mitosis were evident. 
Between the nerve fibres and the ganglion cells there was sparse infiltration 
with small lymphocytes. The liver showed numerous dense spherical aggrega- 
tions, mainly perivascular, lymphoid cells; mitotic figures were present. 
The spleen and kidneys were normal. 
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Histologically the structure the left testis was very similar that 
bird No. 2069 described above. The small lymphocytes were, however, not 
quite numerous that case. The seminiferous tubules were almost 
entirely replaced lymphoid tissue. Occasionally vestiges the tubules 
were seen (Fig. 8). Numerous cells showed mitosis. 


333 


Red male. Killed Feb. 15, 1932 (332 days old). 

The bird was fully mature and well developed. For several weeks 
appeared dull and out condition. Finally developed slight limp. 

Autopsy. There was slight thickening the posterior root-ganglia 
the spinal cord the thoracic region. Brain, spinal cord, lumbosacral plexus 
and sciatic nerves appeared normal. the liver there were isolated 
areas round grayish white nodules. The lungs were congested and showed 
tiny nodules similar appearance those the liver. The spleen and kid- 
neys were normal. The intestinal tract was not examined. Both testes 
appeared normal size and shape. One testis was slightly more gray- 
ish color than the other. 

Microscopic examination. the cerebrum there were perivascular infil- 
trations around few small blood vessels, and the spinal cord (thoracic 
region) similar infiltration was seen around small blood vessels inside the 
meninges. There was very distinct and dense area infiltration (mainly 
small lymphocytes) the junction the roots and spinal cord. the 
brachial plexus small perivascular lesions consisting lymphocytes, 
large lymphocytes and few large mononuclears were present. Many mitotic 
figures were seen. Small lymphocytes, large lymphocytes, large mononuclears 
and few plasma cells were scattered between the ganglion cells. The sciatic 


nerve appeared normal except for the presence dense perivascular 


infiltration the perineurium. 

The liver showed dense perivascular lymphoid infiltration. The spleen 
appeared normal. the kidney there were small areas dense perivascular 
lymphoid infiltration. Sparse infiltration with small lymphocytes was noted 
between the tubules and around the glomeruli. 

The right testis was almost completely replaced round-cell infiltration, 
while the left testis there were areas tissue with the seminiferous tubules 
intact (Fig. 9). Large lymphoid cells predominated. Numerous mitotic 
figures were present. Dense perivascular lymphoid infiltrations were seen 
the tunica albuginea. The infiltration the left testis extended from the 
tunica albuginea towards the centre, occupying about three-fourths the 
circumference the cross section. the cenfre and one side (except 
near the tunica) thé seminiferous tubules showed spermatogonia, spermato- 
cytes and spermatids. the right testis only vestiges tubules appeared. 
The small round-cell infiltrations extended into the epididymis, and some 
the ducts were obliterated. the region some the ductuli efferentes 
the infiltration was slight. 
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W.B. 2814 

Crossbred male (Black Orpington Barred Rock Killed Septem- 
ber 1931 (159 days old). 

This bird was thin and pale the face, but did not show any signs 
paralysis. 

Autopsy. There were gross lesions. The intestinal tract was normal. 
Both testes were very much undersized. The left testis was about the size 
small bean, while the right testis was half large. 

Microscopic examination. Small but dense lesions composed mainly 
small lymphocytes were noted the thoracic nerve-roots. Sparse infiltration 
lymphoid cells occurred between the ganglion cells and fibres. the 
white matter the spinal cord there was seen wedge-shaped lesion com- 
posed extremely dense aggregation lymphoid cells with small lym- 
phocytes predominating (Figs. and 10). 

The right testis was immature. cross section showed several dense 
spherical aggregations very closely packed lymphoid cells, with small lym- 
phocytes predominating. The cells were less densely packed the periphery 
the lesion and penetrated between the tubules (Fig. 12). There were two 
small areas dense perivascular infiltration the tunica albuginea. The 
epididymis showed one small fairly dense nodule and also sparse infiltration 
throughout the rest the epididymis. The left testis was composed almost 
entirely connective tissue. 


308 

Crossbred male (Black Orpington R.I. Red Killed April 10, 1932 
(101 days old). 

This bird was normal appearance and good condition. 

Autopsy. There was nothing abnormal except that the posterior root ganglia 
both sides the spinal cord were thickened and translucent color. The 
intestinal tract was normal. 

Microscopic examination. The posterior root ganglia, spinal cord and 
sciatic nerves showed characteristic lymphoid infiltrations. the liver there 
were seen small areas perivascular infiltration. 

the epididymis there was one large lesion composed mainly small 
lymphocytes. The cells were very densely packed, and few were mitosis. 
infiltrations were seen amongst the seminiferous tubules. 
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Crossbred male (Black Orpington R.I. Red Killed April 13, 1931 
(103 days old). 

This bird showed paralysis the left leg April 1931. 

Autopsy. There were typical gross lesions fowl paralysis the nervous 
system. The intestine appeared normal. The testes were underdeveloped, 
but normal shape and color. 

Microscopic examination. Sciatic nerve, brachial plexus, spinal cord and 
liver showed massive lymphoid infiltration, which was almost the nature 
neoplasm. 
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the testes, bordering the tunica albuginea were several lymphoid 
lesions, which were encroaching the seminiferous tubules (Fig. few 
small, but dense, areas small lymphocytes occurred between the seminiferous 
tubules towards the centre the section. were few mitotic figures. 
Infiltration between the tubules was sparse, but there was dense perivascular 
infiltration the tunica albuginea. 


Discussion 


The male birds described the above summary showed gross and micro- 
scopic lesions the nervous system that were characteristic fowl paralysis. 
addition gross and microscopic lesions were found the testes. already 
noted, the gross appearance the testes varied considerably the different 
males and the same male. microscopic examination the testes showed 
various degrees lymphocytic infiltration, ranging from dense spherical 
aggregations tumor-like masses. fact, the case each three males, 
one testis assumed the nature typical lymphomatous neoplasm. far 
the authors are aware, this the first time that the incidence such lesions 
the testes paralyzed birds has been recorded the literature. 

importance note that the case three males the neoplastic 
nature one the testes entirely suppressed spermatogenesis, while the other 
testis remained underdeveloped. the remaining three males both testes 
appeared immature and there was evidence lymphoid infiltration displacing 
and encroaching the seminiferous tubules. The authors’ data thus tend 
support observation (11) that fowl paralysis may definitely 
delay entirely suppress the onset spermatogenesis. the case the 
female has been shown McGaughey and Downie (10) that paralysis 
may interfere with the normal function the ovary. They state that one 
flock birds outbreak fowl paralysis has strikingly arrested the maturity 
young pullets and seriously interfered with the egg production older 
pullets. 

discussing the natural mode transmission fowl paralysis, Warrack 
and Dalling (12) advance the hypothesis that hen with typical fowl 
paralysis ovarian tumors would seem bound transmit infection 
her chicks, and though absolute evidence seems wanting, highly probable 
that the male bird acts also Similarly, the demonstration 
typical lesions fowl paralysis the testes adult male birds may 
taken presumptive evidence that the male, acting carrier, may transmit 
fowl paralysis his progeny. But should noted here, that the case 
pullorum disease has not been possible demonstrate conclusively that 
pullorum can transmitted the chick ififected male. Genetically, 
however, has been shown that the male bird may play important role 
the transmission resistance susceptibility pullorum disease (4), fowl 
typhoid (6, 7), and fowl paralysis (1). 

comparing the microscopic appearance the tumor-like masses from 
the testes with that similar masses from the ovary, became evident that 
the tumors were essentially alike nature. Furthermore, the lesions both 
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organs were identical appearance microscopically with the dense lymphoid 
infiltrations the brachial plexus, sciatic nerve and spinal cord. This marked 
similarity strikingly brought out Figs. and 

Evidence that the visceral lymphomata are manifestation fowl paralysis 
has been brought forward several investigators (2, 11, 12). The data 
presented this paper the association fowl paralysis with tumor-like 
masses the testes would seem strengthen further the evidence that the 
lymphoid infiltration the nervous system and the viscera are response 
common, not identical, etiological agent. 
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CHEMICAL AND MICROBIOLOGICAL FACTORS 
SOME QUEBEC 


Abstract 


The major soil groups large area agricultural Quebec have been defined 
and the primary factors effecting differentiation studied. Organic-matter 
relations well the variations mineral colloidal matter have determined 
the groupings adopted. major soil groups are named; heavy clay, 
sandy clay, lowland podsol, upland podsol, brown earth, orchard soil, lowland 
muck swamp and upland muck swamp. Chemical and microbiological studies 
representative virgin soils within each the first-named six groups are 
reported, and field data presented. 


Introduction 

The object the studies reported this paper was define the major soil 
groups part the province Quebec, and lay the foundations for 
better understanding the primary factors which effect their differentiation. 
Some the soils discussed the present paper were sampled 1929 and 
analyzed during 1929 and 1930, but the greater number were collected 
jointly during the summer 1930 the Chemistry and Bacteriology Depart- 
ments Macdonald College acting co-operation. Both microbiological and 
chemical data are given for the majority the soils. 

The general area from which these soils were sampled includes the lower 
Ottawa river valley, the Richelieu river valley and the middle St. Lawrence 
river valley. From the eastern boundary Montmagny county the 
western boundary Hull county distance than 300 miles. 
This the greatest length the area southern Quebec within which typical 
soils have been studied, its average depth being about 100 miles. For con- 
venience, and because the geological and climatic relations these areas, 
the data presented are grouped two ways: first, under the counties from 
which soils were sampled; second, soils similar nature according distribu- 
tion from east west within the area under consideration. 

Samples typical virgin soils were taken from the following counties, and 
lower Ottawa river valley; Hull, Argenteuil and Vaudreuil Richelieu 
river valley; Missisquoi, Iberville, Rouville and St. Hyacinthe: middle St. 
Lawrence river valley; Chateauguay, Huntingdon, Joliette, Yamaska, Nicolet, 
Lotbiniere and Montmagny. Studies typical virgin soils from the counties 
Brome, Shefford, Richmond, Sherbrooke, Stanstead and Compton have 
been reported elsewhere (8). 

These counties include some the most fertile agricultural land Quebec. 
They also contain within their boundaries less valuable land. Hull, 
Argenteuil, Joliette,. Missisquoi, Lotbiniere and Montmagny counties, some 
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samples, the examination which reported here, were taken from the higher, 
agriculturally less valuable lands well from the lower-lying Hull, 
Argenteuil and Joliette these upland soils are the foothills the Laurentian 
peneplain, while Missisquoi, Lotbiniere and Montmagny they are the 
Appalachian region. will pointed out later, the soils the Appalachian 
region, the lowland Monteregian section, and the Laurentian area, 
cannot considered similar. and climatically they are 
different, and the differences are reflected their composition. 

the reports the Dominion Geological Survey (4), Department Mines, 
Ottawa, deal with the area described above, the geology the counties from 
which samples were taken this present investigation will not discussed 
here. discussion the geology part the Eastern Townships will 
found the bulletin referred previously (8). 

There are considerable variations climatic conditions within this area 
Quebec, and these climatic differences are reflected the soil differences. The 
importance climate its relation soils will discussed and data relative 
Quebec climatic conditions presented elsewhere. 

This investigation has not been intended soil survey, nor has been 
undertaken for the purpose preparing soil maps. stated, the object has 
been group together soils similar nature and study their chemical and 
biological characteristics. each county the district agricultural representa- 
tive someone else intimately acquainted with local soil conditions has 
accompanied the authors when the latter sampled the locating the 
most important soil areas, topographical and geological maps were consulted, 
and when the area soil from which was desired take type sample was 
selected, search commenced for virgin soil truly representative the area. 
this search the procedure followed United States soil-survey workers 
was used. Normal soils were sought smooth lands, undulating, not flat, 
areas, and wherever possible least six feet above the level permanent 
water. 

The method sampling used and the treatment samples are fully des- 
cribed previous publication (8, 38). The results field examination 
the soils studied are given the succeeding pages. These data are presented 
counties, not because any soil differentiation peculiar them, but for 
convenience. the tables the subsoil samples are marked Surface 
soils were sampled from the top in.; subsoil samples were taken between 
depths and 24in. Moisture and hydrogen ion concentration were deter- 
mined the fresh soil samples soon they reached the laboratory. 
Hygroscopic moisture, lime-requirement values and loss ignition were deter- 
mined air-dried soils. All results are expressed the moisture-free basis. 
The results the five determinations mentioned this paragraph are shown 
under ‘‘Field Tables XII. 


Soil Differentiation into Groups 


the previously cited bulletin (8) soil differentiation into was 
effected, basis the organic-matter relations, into podsolized soils, brown- 
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TABLE 


| 


! 
Moisture, % Lime Loss | 
ple fresh Hygros- nition, horizons 
per acre 
5.01 3850 6.10 A—4 in. medium chocolate 
5.51 1820 3.33 heavy clay loam 
B —brownish-grey heavy clay 
loam to below 24 in., 
mottled and contains red 
slate bits 
5.56 2300 5.60 A —1 to 3 in. chocolate f.s.1.* 
5.62 3375 3.39 Bi—4 to 7 in. dark brown f.s.1. 
mixed with clay patches 
B:—10 to 14 in. brown f.s.1. 
C —Light grey f.s.1. mottled, 
below in. 
5.04 8150 25.78 A —6 to 12 in. reddish choco- 
5.29 6750 24.85 late fine gravelly loam 
in. reddish fine 
gravelly loam—slate 
C —No soil below 22 in., just 
flat red slate fragments 
5.21 7370 12.49 black raw humus 
B—6 to 10 in. brown f.s.1. 
—Greyish-white very 
with silt, to below 30 in. 
gneiss fragments. 
4.46 | 12690 13.78 A1:—? in. black raw humus 
4.99 4730 7.25 Ar—3 to 6 in. leached f.s.1. 
B,—-4 to 6 in. red f.s.1. 
B:—10 in. grey-brown f.s.1. 
30 in. 
6.42 3410 9.49 A —2 to 4 in. chocolate clay 
6.64 1610 4.63 loam 


B —Grey-brown very heavy 
clay loam, non-mottled, 
to below 30 in., granular 
structure, good condition 


7 
*Fine sandy loam. 


Remarks 


Sampled June 25, 1930, 
from permanent pasture. 
Onginal cover white pine, 
large elms present. Heavy 
earthworms numerous 


Sampled June 25, 1930, 
from virgin soil on south 
bank river ft. above 
water level. Sugar maples 
and elms ft. diam- 
eter present. earth- 
worms. “Terre 
sandy clay. 


Sampled June 25, 1930, 


from recently cut sugar 
maple woods. Huge 
stumps. Present cover 
young maples and balsam 
fir. Earthworms present. 
“Orchard soil” 


Sampled June 25, 1930, 
from recently cut woodlot. 
Original cover, white and 
silver birch, spruce, bal- 
sam. Moss hummocks. 
earthworms 


Sampled June 26, 1930, 


from recently cleared land. 
Cover, white birch and 
spruce. Moss hummocks. 
Hardpan at 22 in. Upland 
podsol. earthworms. 
Extreme leaching 


Sampled June 26, 1930, 
from permanent pasture. 
Original cover, white pine. 
Present huge elms. Many 
earthworms. “Terre 
forte’, heavy clay 


earth soils and muck-swamp soils. the work reported this paper, organic- 
matter relations are still probably the most significant factor determining the 


classification adopted. 


has been found possible divide the soils en- 


countered into eight groups, most the soils being listed heavy clays, 


sandy clays, lowland podsols and upland podsols. 


The upland podsol and 


FIELD DATA, MONTMAGNY COUNTY SOILS 
! 


PLATE 


4 
J 
* 
4 
| 
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TABLE 
FIELD DATA, LOTBINIERE COUNTY SOILS 


Moisture, % Lime Loss | 
Sam- require- | on ig- 
ple 3 pH ment, nition, Description of soil | Remarks 
In fresh | Ilygros- Ib. Cad horizons 
per acre 
107 54.63 2.34 4.42 7488 10.03 Ai—3 to Sin. black raw humus | Sampled Sept. 26, 1930. 
107A 22.50 | 0.71 5.02 1248 1.68 A:—2 to 5 in. white leached Woodlot, mixed forest. 
fine sandy loam “Terre légére’’. Pine, 
Bi—2 to 6in. brown-red sand | spruce, poplar, soft and 
B:—3 to 4 in. yellow-brown | sugar maple. No earih- 
fine sandy loam worms. Heavily leached 
C —Yellowish-white sand upland podsol 
108 26. 87 .12 4.75 5288 8.96 A—2 to 11 in. dark brown | Sampled Sept. 26, 1930. 
108A 12.68 .59 4.70 2937 3.11 well-decomposed organic | Woodlot. ‘Brown earth”. 
matter Elm, beech, red oak, bass- 
B —5 to 12 in. gravelly loam | wood, sugar maple, canve 
C —Yellow-brown gravelly | birch. Some earthworms. 
loam, rock fragments | Not podsolized 
well decomposed 
109 46.18 2.24 3.84 8518 11.40 Ai—4 to Sin. black raw humus | Sampled Sept. 26, 1930. 
109A 29.03 1.82 4.66 2202 3.96 Ar—1 to 6 in. white leached | Woodlot. ‘Terre légére”’ 
fine sandy loam —upland podsol. Alder, 
Bi—2 to 4 in. yellow-brown | tamarack, balsain fir, 
white spruce, soft maple. 
C —Yellow sand and gravel | stony and poorly drained; 
many places 
110 42.59 2.11 5.20 2937 9.18 Ai—2 to 4 in. raw humus Sampled Sept. 27, 1930. 
110A 22.10 | 0.83 5.22 1175 1.95 Ar—1 to 6 in. leached layer Woodlot. “Terre légére*’ 
B,—S to 7 in. dark brown f.s.l. | —upland podsol. Balsam 
B:—5 to 7 in. grey-brown f.s.l. | fir, white spruce, white 
C —Yellow fine sandy loam cedar. Earthworms found. 
Podsolization 
some places, heavy in 
others. 
ili 39.60 3.10 5.09 3744 9.08 Ai—2 to 4 in. brown raw | Sampled Sept. 27, 1930. 
111A 27.34 2.05 5.54 1761 4.48 humus Woodlot. “Terre légére”’ 
Ar—2 to 3 in. leached layer | —upland podsol. Balsam 


f.s.1. 

B —7 to 11 in. yellow-brown 
f.s.1. 

sand overlying 
fragmented slate 


*Fine sandy loam. 


fir, white spruce, sugar 
maple, red birch. Some 
earthworms. Slate pieces 
in soil 


brown-earth soils reported here correspond those soils reported the 
previously cited reference under these names. 
The soils the area under consideration were divided into the following 


eight major groups the basis their field characteristics (1) heavy 
clay (‘‘terre (2) sandy clay (‘‘terre (3) lowland podsol 
etc.); (4) orchard soil; (5) brown-earth 
brown-forest soil; (6) upland podsol légére’’); (7) lowland muck swamp 


| 


304 


FIELD DATA, NICOLET COUNTY SOILS 
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TABLE 


Lime 
Sam- require- 
ple ment, 


CaO 
per acre 


101 2496 
101A 734 
102 1615 
102A 440 
103 2349 
103A 734 
104 2496 
104A 18.70 1174 
105 14.25 2936 
105A 11.08 881 
106 3377 
106A 3903 


*Fine sandy loam. 


Loss 
ig- Description soil 
nition, horizons 

7.36 A—1} in. light dark 
4.38 chocolate clay loam 


B —4 to 14 in. mottled whit- 
ish-grey clay loam, 
structure 

C —Grey-brown non-mottled 
heavy clay, underlain 
blue boulder clay ft. 


A:—2 to 6 in. white leached 
f.s.1.* 

Bi—4 to 6 in. reddish f.s.1. 

grey fine sand ex- 
tends below 30 in. 


fine sandy loam 
with some clay and silt 
B—8 to 20 in. brownish-red 
coarse sand mixed with 
mottled clay 
C—Grey-blue heavy clay 
underlying 


Ar—1 to 3 in. black raw humus 
As—3 to 12 in. grey-white 
leached coarse sand 
in. dark red 

coarse sand 
Br—1i to 4 in. blackish-red 
true hardpan “‘ortstein” 
—Yellow-grey coarse sand 


in. light chocolate 

Ar—2 to 3 in. light yellow v.f. 
sand with some patches 
silt and clay 

B —8 to 10 in. mottled whit- 
ish-grey v.f. sand, some 
clay 

least ft. fine sand, 
silt and clay 


1.95 


11.69 A—4 in. medium choco- 


3.08 late clay loam 
B —4 to 30 in. hard-packed 
coarse sand and clay 


C —Grey-brown heavy clay 


in. dark chocolate 


Remarks 


Sampled Sept. 3, 1930. 
Woodlot and permanent 
pasture. ‘“‘Terre forte’— 
heavy clay. White pine 
stumps 3 ft. diam. Elm, 
spruce, white pine, balsam 


fir, red clover. Many 
earthworms. 
Sampled Sept. 3, 1930. 


Woodlot and permanent 
pasture. ‘Terre légére"— 
—lowland podsol. White 
birch, bracken, hardhack, 
moss-hummocks. earth- 
worms 


Sampled Sept. 3, 1930. 
Woodlot recently cleared, 
stumps white pine and 
white birch. “Terre 
franche’’ — sandy clay. 
Hardhack, moss and brac- 
ken. earthworms. 
Podsolization incipient 


Sampled Sept. 3, 1930. 
Woodlot recently cleared 
white pine, white birch 
“Terre 
Bracken, club 
moss, sphagnum moss. No 
earthworms. Heavily 
leached lowland 
Some clay depth 


Sampled Sept. 3, 1930. 
Woodlot ‘Terre jaune”. 
White pine, white birch. 
Present cover; white cedar, 
white pine, and white 
birch. No earthworms. 
Resembles other soil 
sampled in the area 
studied 


Sampled Sept. 
Woodlot, 
duous forest. “Terre 
forte’’—heavy clay. Ash, 
ironwood, maple, bass- 
wood, yellow birch. Earth- 
worms found 


1930. 


N 
oO. 
sample 
3.85 
2.44 
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Moisture, 
Sam- 
ple In fresh | Hygros- pH 
No. 


sample | copic 


Lime 


TABLE 


88A 33.05 5.61 5.53 


24.13 
25.79 2.70 6.40 


22.85 
92A 


Loss 
ment, nition, 
lb. CaO % 
per acre 
4774 6.37 
661 1.00 
2423 8.59 
955 4.20 
7121 16.99 
734 3.64 
2790 6.25 
507 2.49 
2202 5.05 
374 2.32 
2202 8.17 
661 3.92 


FIELD DATA, YAMASKA COUNTY SOILS 


Description of soil 
horizons 


4in. black raw humus 

Az—4 in. black f.s.1. 

As—3 to 6 in. heavily leached 
f.s.1. 

Bi— 4 to 8 in. red-brown v.f.s.1. 
(ortstein) 

Bz—4 to 8 in. mottled v.f.s.1.* 

C —Light grey v.f.s.l., ex- 
tends below 30 in. 


A —1 to 2 in. light chocolate 
clay loam 

B —Grey-brown non-imottled 
heavy clay loam extends 
is 8 to 20 ft. deep. 


brown-red v.f. sand mixed 
with clay 

B —4 to 6 in. mottled brown- 
grey heavy clay 

C—Light grey very heavy 
clay extends below in. 


Ai—3 to 5 in. medium choco- 
late f.s.1. 

Ar—3 to 4 in. coarse white 
sand 

As—5 to 6 in. yellow-grey 

B—Yellow to grey-brown 
hard-packed clay, ex- 
tends below in. 


Ai? to 4 in. black f.s.1. 

Azr—2 to 6 in. grey-white f.s.1. 

brown clay 

C —Mottled grey-brown clay 
to below 30 in. 


to 5 1n. light chocolate 
loam 

Ar—2 to 4 in. grey-white 
clay loam 

B—Light brown-grey non- 
mottled heavy clay loam 

C —Blue glacial boulder clay 


Remarks 


Sampled July 23, 1930. 
Woodlot. ‘Terre légére"’ 
very heavily leached low- 
land podsol. Small white 
pine, balsam and white 
birch. Ferns and moss- 
hummocks prevalent. No 
earthworms found. Repre- 
sentative of a large area 


Sampled July 23, 1930. 
Permanent pasture. ‘Terre 
forte’’—heavy clay. White 
pine stumps 4 ft. diam. 
Elm, poplar, birch, red 
raspberry, bracken. Earth- 
worms numerous 


Sampled July 23, 1930. 


Woodlot. 
—sandy clay. Large white 
pine stumps. Mixed red 
spruce, poplar, beech, 
white birch. Poorly drain- 
earthworms 


Sampled July 23, 1930. 
Woodlot and permanent 
pasture. White pine 
stumps. ‘Terre franche” 
—sandy clay. White pine, 
white birch, soft maple, 
poplar. Level land, well 
drained. Some earthworms 
found 


Sampled July 24, 1930. 
Permanent pasture. 
“Terre franche’—sandy 
clay. White pine stumps 
3 ft. diam. Balsam fir, 
hardhack, swamp grass. 
earthworms found 


Sampled July 24, 1930. 
Recently cleared white 
pine land. ‘Terre forte’ 
—heavy clay. Elm, white 
pine ft. diam. 
worms numerous 


*Very fine sandy loam. 


3 
31.89 4.10 
87A 23.76 
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TABLE 


DATA, JOLIETTE COUNTY SOILS 


= 
Lime Loss 


Moisture, 

ple ment, nition, 
No. In j lb. CaO % 

sample copic 


93A 5.03 734 0.92 


94A 8.54 1.24 none 3.72 


*Fine sandy loom. 


Description soil 
horizons 


in. raw humus 
in. dark grey ash- 


color; leached layer, 
sandy loam 

Bi— 2 to 6 in. rusty red to dark 
brown f.s.1. 

Br—10 to 14 in. brownish-red 
f.s.1.* 


C —Yellowish-grey f.s.1. 


sandy loam 
B —4to 12 in. medium-brown 
friable gravelly loam with 
many 
C —Light greyish-white f.s.1., 
underlain by rock 


4in. dark chocolate 


clay loam 
Bin. light bluish-grey 
clay with patches of sand 
C —Brownish-grey mottled 
clay loam 


A —4 to 6 in. light chocolate 


clay loam 

sand with clay, very hard 
packed 

C —Brownish- to bluish-grey 
non-mottled light sandy 
clay loam 


Remarks 


Sampled Aug. 26, 1930. 
Woodlot and permanent 
pasture. 
Balsam fir, white birch, 
club moss, sphagnum moss. 
Poorly drained lowland 
podsol. No earthworms 


Sampled Aug. 26, 1930. 


Woodlot. “Brown earth”. 
Large sugar-maple and 
elm. Bedrock of limestone 
many places about 
2ft. Numerous large earth- 
worms 

Soil good physical state 


Sampled Aug. 26, 1930. 
Woodlot, cut years, 
pasture. 
—sandy clay. White pine 
stumps, 2 ft. diam. Elm, 
fir, Canada thistle. Earth- 
worms 


Sampled Aug. 26, 1930. 
Woodlot. “Terre 
—sandy clay. Mixed for- 
est. White pine, poplar, 
silver birch, soft maple, 
some white birch. Earth- 
worms found 


(8) upland muck swamp. Studies Groups are reported 
this paper but Nos. and are not dealt with only mineral soils are 
discussed the black muck soils, which organic matter completely dominant, 


present problems their own. 


The heavy clays, sandy clays and lowland podsols, grouped here, are 
found throughout the valleys the Ottawa, Richelieu and St. Lawrence 


rivers. 
podsols varying depths. 


Strata glacial boulder clay underlie the sandy clays and lowland 
Sometimes the areas exposed clay cover several 


square miles, but are usually less than half-a-dozen square miles extent. 
After the great beds clay were deposited from the waters the Champlain 
sea, rivers issuing from the melting ice-front carried down the now superim- 


posed sand and gravel deposits. 


The whole lowland country thus inter- 


| 
q 
q 
| | 
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TABLE 
FIELD DATA, JOLIETTE COUNTY SOILS 


sample copic 


No. ar Ib. CaO % 


per acre 


97A 29.59 3.23 5.37 3083 6.01 fine sandy loam Permanent pasture. Laur- 
Az:—Commonly absent, but | entian “upland podsol”’. 

when present about § in. | Wiute pine stumps, up to 

deep leached f.s.1.* 4 and 5 ft. diam. Balsam 

B —S to 24 in. brownish-red | fir, poplar, white birch, 

fine sandy loam sugar maple, some fiat 

C —Yellowish f.s.1. club-moss. Earthworms 

found. in- 


97 45.35 4.30 5.56 4111 11.25 Ar—1 to 3 in. dark chocolate | Sampled Aug. 26, 1930, 
cipient 


98 3.84 5.77 1982 10.47 A—1 to 2 in. dark chocolate | Sampled Aug. 26, 1930. 
98A 3.08 6.24 374 2.08 clay loam Woodlot, cleared 5 years. 
B —4 to 12 in. greyish-white | ‘‘Terre franche’. White 
compacted f.s.l., with | pine stumps 2 ft. diam. 
clay Sumach, red raspberry 
. C —Greyish-brown slightly | among the stumos. Earth- 
mottled clay loam worms found. Typical 
tobacco soil of Joliette 
county 
99 3.52 6.14 2056 11.36 A —4 to 6 in. dark chocolate | Sampled Aug. 27, 1930. 
99A 1.71 7.45 none 3.93 clay loam Woodlot and permanent 
B —14 to 16 in. light brown | pasture. ‘Brown earth’. 
silty clay loam, very | Elm, ash, linden, sugar 
friable maple. Earthworms found. 
Limestone bedrock at 20 
in. Soil in good physical 
state, but ‘‘drouthy” 
100 
100A 0.52 §.25 734 1.04 Ar—S to 8 in. leached f.s.1. Woodlot and permanent 


B,—4 to 6 in. dark brownish- 
red f.s.1. 

Br—14 to 20 in. mottled brown 
f.s.1. 

C —Yellowish f.s.1. 


pasture. “Terre 
Black spruce, hemlock, 
white birch 2 ft. diam. at 
3 ft. above ground level. 
No earthworms. A heavily 
leached 
soil 


0.93 4.61 2863 4.25 Ai—1 to 2 in. raw humus Sampled Aug. 27, 1930. 


*Fine sandy loam. 


woven with strips and areas heavy clay, sandy clay and sand gravel, the 
latter being most heavily leached. 

The orchard soils occur generally the base the Monteregian hills 
the foot some slope where organic matter and mineral fragments are thor- 
oughly mixed. The effect each component, organic mineral, make 
the elemental constituents the other component more available through 
chemical and biological action. Where orchard soils occur heights greater 
than about 400 ft. above mean sca level, because coincidence the 
occurrehce considerable depth the soil much organic matter mixed 


q 
| 
| 
q 
| 
4 
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TABLE VII 
FIELD DATA, St. HYACINTHE COUNTY SOILS 
Moisture, % Lime | 
sample 
in. very dark grey, al- Sampled June 10, 1930, 
62A 31.10 most black clay loam from Original 
B—8 in. grey-brown coarse | cover; elm and maple: 
sand mixed with clay present cover; linden, elm, 
heavy blue clay, beech, maple. “Terre 
mottled, below in. clay 
37.00 in. black, decom- Sampled June 10, 1930, 
63A 38.30 posed pine and from woodlot. 
debris cover, white pine. Present 
in. grey-white-| cover; white pine, hard 
clayey sand and soft maple. 
in. red mottled clay clay 
Br—Brown clay 
24 in. 
37.00 4in. dark Sampled June 10, 1930, 
64A 26.80 in. leached from woodlot. Original 
cover, white pine. Present 
Br—Heavy brown-grey clay, cover; soft maple, elder, 
Lowland podsol. 
légére”’ 
35.70 in. (raw humus) Sampled June 11, 1930, 
65A 21.10 Ar—2 in. leached f.s.1.° from permanent pasture. 
Bi— 4 to 3 in. red f.s.1. with | Original cover, white pine. 
ortstein lumps Present cover; willow, 
i B;—Brown-grey clay, mottled,| berries. Lowland podsol. 
mixed with sand, 24in. 
66 43.20 A —4 to 5 in. chocolate clay | Sampled June 11, 1930, 
66A 32.30 loam from woodlot just cut over. 
| B —4 in. clay, unmottled Original cover, white pine. 
| Ci—16 in. friable grey clay | Huge pine stumps. Heavy 
loam clay—"'Terre forte” 
C:—Heavy blue clay in. 
| slightly mottled 
67 28.10 Ai—4 in. light chocolate f.s.1. | Sampled June 11, 1930, 
67A | 24.90 Ar—3 to 6 in. grey f.s.1. from woodlot just cleared. 
in. reddish Original cover, white pine. 
B:—Light brown extends White birch trees present. 
| below 24 in. Sandy clay — “Terre 
franche’’—slight leaching 
*Fine sandy loam. 


with rock fragments, the component minerals which are great agricultural 


value. 


The brown earths are quite closely related the orchard soils, but they 
not possess the fertility nor the abundance well-decomposed organic matter 


characteristic the latter. 


q 
q 
q 
4 
4 
q 
q 
4 
4 
4 
4 
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| Moisture, % Lime’ 
require- 
ple pH ment, 
No. | In fresh | Hygros- Ib. CaO 
sample | copic per acre 
70 31.91 3.40 6.38 3620 
41.17 1.88 6.37 2260 
71 6.45 3080 
71A 6.59 1380 
72 5.15 4050 
5.25 1880 
773A 47.21 1.06 5.61 2100 
74 31.10 2.84 6.05 2000 
74A 28.52 3.77 6.92 2050 


Loss 
on ig- 


nition, 


11.23 
5.34 


2.89 
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TABLE VIII 
FIELD DATA, MISSISQUOI COUNTY SOILS 


Description of soil 
horizons 


in. dark chocolate 
silty clay loam 

B —11 to 19 in. grey-brown to 
reddish silty clay loam 

C —Yellow-grey silty clay to 
below 24 in. 


sandy loam 

B —3 to 8 in. reddish-brown 

—Easily crumbled, high 
iron sandstone ledge 


A —2 to 8 in. chocolate brown 

B —7 to 17 in. brown f.s.1. 

C —Greyish silt and very fine 
sand to below 24 in. 
Water-rounded pebbles in 


A1:—2 to 4in. black raw humus 

Ar—} to 2 in. leached f.s.1. 

Bi:—2 to 8 in. reddish f.s.1. 

Br—6 to 16 in. tight-packed 
impervious 
grey fine sand, silt and 
clay 

C —Loose grey f.s.l. below 
24 in. 


A —2 to 4 in. chocolate f.s.1. 

Bi—S in. grey to reddish f.s.1. 

B:—10 in. mixed fine sand and 
grey-brown clay 

clay extends from 
16 in. deep to below 24 in. 


Remarks 


Sampled June 18, 1930, 
from woodlot and perman- 
ent pasture. “Brown 
earth’. Limestone ridges. 
Cover, sugar maples and 
white cedar trees. Earth- 
worms present 


Sampled June 18, 1930, 


from permanent pasture. 
Huge sugar maples, elms 
and apple trees. Red soil. 
Numerous earthworms. 
“Orchard soil” 


Sampled June 18, 1930, 


from permanent pasture. 
Original cover deciduous 
trees, maple, elm, ash, 
poplar. “Brown earth”. 
No earthworms 


Sampled June 19, 1930, 
from permanent pasture. 
Original cover white pine. 
Present cover; soft maple, 
hemlock, moss hummocks 
and hardhack. “Terre 
légére"’—lowland podsol. 
Many pebbles in subsoil 


Sampled June 19, 1930, 


from woodlot and per 
manent pasture. Original 
cover, white pine. Huge 
stumps. Many earth- 
worms. 
sandy clay. Podsolization 
incipient 


*Fine sandy loam. 


The typical upland podsols occurring throughout the Appalachian hills and 
foothills southeastern Quebec are quite unlike those the Laurentians 


chemical composition. 
covered with these soils. 


far the greater area the Eastern Townships 
Lotbiniere, Arthabaska, Drummond, Shefford, 


Brome, and the eastern part Missisquoi counties form rough border 
line, the south and east which will found soils answering the main 


the description the upland podsols the Appalachian region. 


Upland 


muck-swamp soils and some brown earths will also found this upland 
region. 


q 
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TABLE 
DATA, SOILS FROM VARIOUS COUNTIES 


Lime 
No. 
sample | copic 
Chateauguay Couaty 
ii 35.22 4115 11.36 A—49in. chocolate brown clay 
27.40 2450 4.86 loam 
grey-blue clay 
loam, mottled, extends 
below 24 in. 
31.12 3075 A—4 in. chocolate clay 
14A 19.76 1000 2.14 loam 


B —Medium clay loam, mot- 
tled, with sand patches, 
to below 24 in. 


Huntingdon County 


in. chocolate clay 
loam 

—Friable whitish clay with 
whitish sand patches, 
mottled, to below 24 in. 


Iberville County 

68A 5.70 10.76 gravelly loam (syenite 
fragments) 

B—Light brown sandy 

gravelly loam below 
36 in. 

Rouville County 

“oo 37.80 6.33 6.45 2040 23.30 A—4 to 8 in. dark chocolate 

OA 48.90 3.51 6.25 2600 9.05 gravelly loam (syenite 


fragments) 
B —Dark reddish-brown gra- 
velly loam below in. 


Remarks 


Sampled July 1929, 
from permanent pasture 
and woodlot. Huge elm 
trees. Earthworms nume- 
rous. 
heavy clay 


Sampled July 1929, 
from woodlot 
manent pasture. Original 
cover:— white pine: pre- 
sent; elm, linden, soft 
maple. “Terre 
sandy clay. Earthworms 
numerous 


Sampled July 9, 1929, 
from woodlot just cleared. 
Huge elm trees present. 
clay. Many earthworms 


Sampled June 16, 1930, 
from maple woods. Huge 
maple trees. Numerous 
earthworms. “Orchard 
soil” 


Sampled June 17, 1930, 
from sugar maple woods. 
Huge sugar maple trees. 
Numerous earthworms. 
“Orchard 


The existence New York State mineral soils very high organic matter 
and low lime, namely, the Volusia soils, has been pointed out Bizzell (1). 
these respects the Volusia soils resemble the upland podsol soils the area 
under consideration. 

enable effective comparisons made between soils listed under the 
various groups, Tables XIII XXIII have been prepared showing their 
chemical and biological variations. 


these tables the soils each group 


| 
4 
18 35.13 3.95 6.50 2200 13.17 H 
18A 19.36 2.28 6.96 1080 2.65 


CHEMISTRY AND MICROBIOLOGY QUEBEC SOILS 311 


TABLE 
FIELD DATA, VAUDREUIL COUNTY SOILS 


Description of soil 
horizons 


A—%3 to 6 in. dark chocolate 
heavy clay loam 

B—4 to 12 in. reddish clay 
with red sandstone frag- 
ments 

C—Heavy clay, grey-blue, 
mottled, to below 24 in. 


A—1 to 3 in. chocolate clay 
loam 

B—18 to 20 in. light grey 
sandy clay loam 

white sandy and 
clay loam to below 3 in., 
well-drained 


31.60 Ae—1 in. maple leaves and 


debris 

in. dark, friable, 
gravelly loam 

—Reddish-brown gravelly 
loam, below in. 


Ar—3 to 6 in. chocolate clay 
loam 

As—3 to 6in. yellow clay loam 

B —8 to 12 in. grey brown clay 

C—Reddish brown heavy 
clay loam below in. 


A-—3 to 6 in. chocolate clay 
loam 

B —8 to 10 in. orange to grey 
heavy clay loam 

C—Grey brown heavy clay 
loam below in. 


Ar—2 in. black raw humus 
f.s.1.* 

in. black 

(ortstein) 

Br—6 in. brown 
(mottled) 

C —Light grey very f.s.l. with 
blue clay 


Remarks 


Sampled July 8, 1930, 
from woodlot. American 
elms present 4 ft. diameter 
and huge sugar maples. 
Stones and boulders. 
Heavy clay—“‘terre rouge”. 
Earthworms 


Sampled July 8, 1930, 
from permanent pasture. 
White pine stumps present 
4 ft. diameter. Present 
cover, white pine and 
American elms. “Terre 
blanche” sandy clay. 
Earthworms 


Sampled July 1930, 
from woodlot. Sugar 
maples ft. trunk diam- 
eter or more. Apple trees 
thrive thissoil. “Orchard 


Sampled July 9, 1930, 
from permanent pasture. 
Original cover white pine, 
huge elms present. Red 
sandstone fragments 
and horizons. Earth- 
worms numerous 


Sampled July 9, 1930, 
from recently cleared wood 
lot. “Terre forte’’—heavy 
clay. Original cover, white 
pine. Elms and willows 
present. Earthworms pre- 
sent 


Sampled July 9, 1930, 
from woodlot. Original 
cover hemlock and balsam 
fir in. trunk diameter. 
podsol. No earthworms 
present 


Moisture, Lime Loss 
Sam- ig- 
ple pH ment, nition, 
No. 
copic 
per acre 
82 3.58 6.97 2100 8.01 
824 3.21 6.75 1280 4.06 
83A 7.42 9150 23.71 
84 4.32 7.25 1200 9.95 
844A 5.84 7.65 850 4.25. 
85 5.70 5.76 4100 10.25 
85A 6.07 6.45 1350 4.72 
86 2.88 4.75 4280 8.67 
86A 2.70 1840 2.77 
*Fine sandy loam. 


are listed according their distribution from east west. The values 
the tables are all expressed the basis moisture-free soil. 


q 
4 
4 
i 
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TABLE 
FIELD DATA, ARGENTEUIL COUNTY SOILS 


Moisture, 


nition, Remarks 
8.68 light chocolate Sampled July 28, 1929, 
4.63 in. leached from permanent pasture. 
(ortstein) cover 
Br—16 in. light brown Moss hummocks, hard- 
C —Hard-packed grey to yel- | hack, sorrel prevalent. 
low-white with some Very badly leached low- 
clay, to below 24 in. land podsol. Stony 
in. dark chocolate Sampled July 28, 1929, 
4.47 from newly cleared wood- 
As—3 to 4in. white, extremely | lot. Original cover, tam- 
heavy clay loam arack trees. Heavy clay. 
—Extremely heavy, sticky, Strikingly white clay layer. 
grey-brown clay loam No earthworms 
in. dark chocolate Sampled July 28, 1929, 
4.12 clay loam from permanent pasture. 
—Medium brown clay Earthworms present. 
mottled red-brown, ex- White pine original cover, 
tends below 24 in. huge stumps present. Red 
clover thrives here. Heavy 
clay 
9.04 A:—4 to 5 in. light chocolate | Sampled July 28, 1929, 
3.52 loam from long-cleared perman- 
in. leached ent pasture. Hemlock ori- 
in. dark red ginal cover. Lowland pod- 
B:—15 to 18 in. brown f.s.1. | sol, in places. Many pieces 
fine sand red, soft sandstone 
and gravel, some clay. present. earthworms 
10.43 in. light chocolate Sampled July 29, 1929, 
5.24 from long-cleared perman- 
in. leached ent pasture. earth- 
in. dark red f.s.1. worms. Sugar maples, 
Be—Light brown f-s.l., ex- | original cover. Laurentian 
tends below in. upland podsol. Moss 
mocks present 
| 2.68 late heavy clay loam from land just cleared. 
B —12 in. bluish to dark grey | Earthworms present. 
very heavy clay loam Original cover coniferous 
—Grey brown heavy clay trees. Heavy clay. Clov- 
ers thrive on this soil 
*Fine 
Analytical Methods 


All the methods used the chemical analyses have been described previously 


(8). They are most cases the methods the American Association 
Official Agricultural Chemists. 


the microbiological studies the following methods have been 


| 
No] | 
| 
| 
4 
38. 
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Lime 
require- 
ment, 
Ib. CaO 
per acre 


Moisture, 

Sam- 
ple 
No. 


fresh Hygros- 
sample 


13.39 
3.04 


18.84 
3.32 


*Fine sandy loam. 


Water-holding Capacity 


TABLE 
FIELD DATA, HULL COUNTY SOILS 


Description of soil 
horizons 


A—3 in. dark chocolate clay 
loam 

B—3 in. blue-grey friable 
clay loam 

C —Very heavy, sticky, grey- 
blue, mottled clay, to be- 
low 24 in. 


A—4 to 5 in. light chocolate 
heavy clay loam 

B —Heavy blue-grey, friable 
clay loam to below 24 in. 


A —4 to 6 in. medium choco- 
late clay loam 

B —4 in. whitish, friable clay 
loam 

—Grey-blue, friable clay 
loam to below 24 in. 


in. very light cho- 
colate fine sandy loam 

grey, hard-packed 
f.s.1. with clay patches 


A—3 to 4 in. light chocolate 
clay loam 

B—3 to 4 in. hard-packed, 
friable, whitish clay loam 

C —Grey-white, tight clay 
loam 


A—+4 to 1 in. medium choco- 


late clay loam 

B—8 to 10 in. whitish clay 
with sand patches 

clay loam 
with brown sand patches, 
to below 24 in. 


Remarks 


Sampled August 6, 1929, 
from Original 
cover standing, chiefly 
American elm and butter- 
nut trees. Heavy clay. 
Earthworms present 


Sampled August 6, 1929, 


from woodlot. Original 
cover standing, elm, white 
pine, balsam fir and cedar. 
Heavy clay. Earthworms 
present 


Sampled August 6, 1929, 


ploughed land. Original 
cover white pine and 
American elm. Heavy 


clay. Earthworms present 


Sampled August 1929, 
from long-cleared, rough 
and stony permanent pas- 
ture. Original cover, sugar 
maple and American elm. 
“Brown earth- 
worms 


Sampled August 1929, 


from woodlot in perman- 
ent pasture. Original cover 
standing, white pine and 
American elm. Sandy clay. 
earthworms 


Sampled August 7, 1929, 


from long-cleared perman- 
ent pasture. Original cover 
standing, white pine, 
American elm and white 
ash. Sandy clay. No 
earthworms 


(This the maximum water content held against gravity 
soil, (10 gm.), was ground porcelain mortar and after passing through 
1-mm. mesh sieve, was placed small funnel, having the neck small 


cone filter paper, saturated with distilled water. 


The soil was made 


settle tapping the funnel, and distilled water run slowly from burette 


¢ 
q 
nition, 
q ott] 34.53 9.52 6.01 3790 17.99 3 
#”A 18.49 5.27 7.10 1200 3.43 
q 
42A 19.73 5.45 7.90 
7 
43 8.75 3. $2 5.61 4050 9.06 
: 43A 8.53 2.41 5.85 2000 3.01 
q 
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TABLE 
PERCENTAGES SOME CONSTITUENTS HEAVY CLAY SURFACE SOILS AND SUBSOILS 


Sample FerOs+ 
80 23.42 2.62 3.55 0.31 0.22 
80A 25.15 2.99 0.55 0.07 0.16 
75 18.48 1.99 2.17 0.19 0.20 
7SA 24.11 2.21 0. 56 0.06 0.21 
106 24.89 2.25 4.44 0.44 0.28 
106A 23.58 2.30 0.68 0.04 0.11 
101 23.05 1.98 2.62 0.16 0.14 
101A 27.16 2.54 0. 82 0.05 0.12 
88 23.72 2.0€ 3.26 0.19 0.15 
88A 27.07 2.68 0.38 0.05 0.13 
92 20.43 1.92 3.36 0.23 0.17 
92A 26.63 2.95 0.05 0.11 
66 20.66 2.08 3.00 0.18 0.13 
66A 24.28 2.68 0.43 0.05 0.12 
11 21.63 1.69 4.67 0.39 | 0.12 
141A 28.20 1.84 31 0.06 0.05 
81 22.59 3.32 5.84 0.43 0.26 
SiA 25.36 2.91 1.58 0.08 0.18 
85 24.74 2.48 3.54 0.26 0.14 
8SA 26.75 2.0 0.31 0.05 0.14 
B4 20.02 2.45 4.21 0.33 21 
B4A 26.31 2.74 0.19 0.05 0.14 
35 21.10 1.93 1.85 0.11 0.17 
35A 28.60 1.4 0.3%6 0.23 0.10 
6 24.16 1.45 7.82 0.39 0.31 
36A 28.28 2.48 0.37 0.03 0.21 
» 19.40 3.12 7.28 0.27 0.29 
25.23 0.37 0.01 0.32 
42 25.56 2.21 6.25 0.% 4 
421A 30.09 2.92 0.17 0.04 0.19 
| 
41 27.87 2.0 3.98 0.29 0.28 0.12 § 4 1.97 
28.49 2.51 1.19 0.26 10.7 2.02 
4 27.67 2.32 7.83 0.530 0.32 0.22 15.6 1.66 
440A | 27 2.24 0.47 0.03 0.20 0.09 18.5 2.13 


until the first drop excess water-holding capacity exuded from below 
the cone. The value was taken from the mean two three determinations. 


| 
4 
4 
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TABLE XIV 
4 
PHYSICAL AND BIOLOGICAL CHARACTERISTICS HEAVY CLAY SURFACE SOILS 


Moisture Moisture Nitrate Nitrate Carbon Bacteria 
Water- | in fresh in soil | nitrogen | nitrogen | dioxide, and 
ple Date incu- cap’y, % of cubation soil, incu- per Date myces 
num- | collected | bation, fresh water- as % of parts | bation, | 100 gm. plated per 
ber days soil, holding water- per parts soil gm. 
holding million per per soil 
cap'y million | 100 hr. 
80 | June 25 449 59.0 61.9 49.1 trace | 228.4 25.3 June 28 7,098,000 
75 | June 25 435 43.0 131.8 35.5 0.00 82.5 19.9 June 28 2,673,000 
106 | Sept. 4 487 00.8 65.9 49.1 2.47 85.9 25.9 Sept. 8 5,996,000 
101 | Sept. 3 456 45.5 49.7 33.4 4.00 109.0 11.0 Sept. 8 | 15,680,000 
88 | July 23 444 64.2 37.1 28.4 0.00 92.8 37.2 Aug. 1 | 29,250,000 
92 | July 24 448 53.0 37.4 23.0 trace 94.6 37.4 Aug. 1 | 17,960,000 
June 399 52.7 75.5 49.3 0.00 116.8 37.3 June 2,675,000 
81 | July 8 462 60.4 64.0 54.9 2.00 210.8 41.6 July 10 | 14,210,000 
July 463 56.6 58.0 52.0 1.96 252.5 22.3 July 5,454,000 
84 | July 9 463 55.3 41.1 41.3 0.00 242.3 28.1 July 10 | 20,090,000 


Counts Bacteria and Actinomyces 

Fresh moist soil (10 gm.) was plated count medium 
(10), four five plates being prepared, usually dilution 1:100,000. 
Nitrogen 

Harper’s modification (6) the phenol-disulphonic acid method was used. 
Carbon Dioxide 

This was determined from 400 gm. dried soil remoistened 60% 
saturation. carbon dioxide was collected from six soils one period 
18-tube apparatus based that described Fred and Waksman (3), the gas 
being collected from each soil sample and absorbed three tubes each con- 
taining 33.3 cc. standard barium hydroxide. Residual barium hydroxide 
was titrated the proximal tube intervals, and the three tubes the 
end period from days. check the apparatus showed that 
during similar period the amount carbon dioxide passing through 
empty flask was equivalent 0.90 gm. per 100 hr.; this amount has been 
subtracted give the amounts shown the tables. 

The temperature the room which the soils were placed for this test 
varied during the period the work (July, 1931, January, 1932). The 
averages the highest and lowest ranges temperatures were 24.9° and 

Counts Fungi 
These were made the Plant Pathology Department, Macdonald College, 


according the directions Fred and laboratory manual 
(3, 98). 


Discussion Soil Groups 
Heavy Clays (terre forte) 


Soils grouped heavy clays are those which, all the horizons in- 
vestigated, mineral colloidal matter distinctly dominant. 


q 
q 
4 
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TABLE 
PERCENTAGES SOME CONSTITUENTS SANDY CLAY SURFACE SOILS AND SUBSOILS 


Ratio 
Ratio 
TiO: 
1.60 0.18 12.2 4.07 
1.59 0.14 10.0 3.93 
1.79 0.10 24.2 4.49 
2.20 0.20 12.2 3.04 
1.61 0.14 20.0 1.03 
2.44 0.12 9.4 
1.96 0.12 13.8 3.82 
0.18 22.3 2.78 
1.41 0.11 16.1 3.78 
2.13 0.15 27.1 2.79 
1.69 0.11 15.1 4.21 
2.14 0.19 6.4 4.00 
1.82 0.08 19.3 3.90 
2.15 0.15 23.9 2.54 
2.00 0.23 0.14 12.6 3.62 
2.07 0.15 0.07 14.4 3.02 
2.65 0.10 0.12 12.3 4.89 
3.00 0.06 6.7 2.64 
2.30 0.22 22.5 3.10 
2.98 0.23 0.08 21.2 2.45 
0.16 0.10 10.8 3.39 
2.34 0.18 0.07 19.0 2.55 
0.31 0.13 21.7 2.59 
3.28 0.29 0.08 22.9 2.50 
1.69 0.28 11.9 3.03 
1.84 0.32 5.7 2.29 
2.10 0.05 0.27 8.8 2.95 
2.12 0.14 0.08 9.9 2.52 
2.46 0.29 0.12 10.7 2.54 
2.94 10.6 2.27 


The heavy clays Montmagny county the upper gulf St. Lawrence 
show surprisingly small fundamental differences from those Argenteuil and 
Hull counties the lower Ottawa river. These boulder clays are made 


nu 
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TABLE XVI 
PHYSICAL AND BIOLOGICAL CHARACTERISTICS SANDY CLAY SURFACE SOILS 


Moisture Moisture Nitrate Nitrate Carbon Bacteria 
holding | soil as after in- | in fresh mgm. actino- 
cubation soil, per Date myces 
fresh water- as % of parts 100 gm. plated per 
soil, holding water- per soil gm. 
holding million per soil 
100 hr. 
50.9 $1.3 39.5 trace 12.9 June 28 3,475,000 
40.1 73.1 59.3 trace 3.4 Sept. 8 7,127,000 
66.8 136.2 97.1 0.00 35.9 Aug. 1 | 12,030,000 
%6.7 51.6 36.9 0.00 25.6 Aug. 1 | 12,131,000 
33.6 66.7 63.7 0.00 19.6 Aug. 1 6,343,000 
32.9 82.4 4.8 0.00 20.3 June 14 3,689,000 
44.4 78.6 47.5 0.00 28.4 June 13 1,577,000 
50.0 92.2 79.5 0.00 66.8 June 13 3,203,000 
43.5 65.1 44.6 0.00 17.0 June 4,273,000 
65.0 78.5 53.4 trace 17.1 Aug. 28 5,030,000 
42.2 64.0 52.4 trace 5.6 Aug. 28 6,473,000 
43.8 58.7 45.3 trace 8.2 Aug. 28 | 21,290,000 
53.9 65.7 20.5 0.00 46.3 July 10 | 13,290,000 


“rock which must have settled from colloidal suspension water rather 
evenly over wide areas during long periods time. probable that the 
turbid waters the Champlain sea possessed considerable degree homo- 
geneity the distribution this colloidally suspended rock flour during the 
ages while sedimentation and deposition the clays was occurring. 

Climate known affect profoundly the nature soils, but probable 
that our climatic variations show their smallest effect the heavy clays. 
the time the loss considerable amount their cementing bases 
through leaching, these clays show the least response climatic variations 
any the groups under study. What seems occur more commonly the 
case the heavy clays the washing away and erosion the entire surface 
soil mass, rather than the excessive selective leaching certain chemical 
constituents. There consequently less disproportion between the acidic 
and basic groups soil constituents than evident soils less colloidality. 
fact, excellent balance between their basic and acidic constituents charac- 
teristic this group soils. 

Another important characteristic these soils their relatively high content 
the oxides iron, aluminium and titanium. These oxides form the cement 
which preserves soil structure; they hold the silica and other major soil con- 
stituents together and, when present quantity, they make the soil coherent 
system rather than number systems disconnected layers. 

However, even the heavy clays, the subsoils are distinctly richer the 
sesquioxide bases than the surface soils. all the soil groups studied there 
large and significant difference between the surface soils and the subsoils 
this respect. Thus, while the heavy clays have suffered the least from 


Period 
ple Date incu- 
num- collected bation, 
ber days 
103 | Sept. 3 483 
63 | June 10 400 i 
62 | June 10 400 j 
74 | June 19 “41 
95 | Aug. 26 464 i 
98 | Aug. 26 
| q 
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TABLE XVII 


PERCENTAGES SOME CONSTITUENTS LOWLAND PODSOL (HEAVILY LEACHED) 
SURFACE SOILS AND SUBSOILS 


Ratio 
SiO: 
tio 

(organic) C/N 

1.95 2.11 24.0 4.68 

1.80 1.06 31.2 3.53 

3.09 26.2 4.81 

1.84 0.58 25.2 4.10 

1.17 3.46 27.0 8.96 

1.64 0.28 5.32 

14.35 0.71 1.59 4.45 4.91 
15.68 2.10 0.92 2.75 17.3 
64A 2.99 2.04 1.75 0.34 8.3 
19.12 3.24 1.87 1.64 0.25 7.4 3.60 
15.67 1.57 0.90 1.93 3.70 12.2 4.54 
93A 16.74 2.25 1.26 1.66 0.87 5.41 
100 17.05 2.18 2.29 4.10 
100A 3.08 1.30 2.21 0.60 31.6 3.51 
16.37 1.92 1.14 1.53 3.48 18.1 4.36 
86A 22.58 2.58 2.45 2.08 0.27 7.9 2.90 
1.59 0.68 1.54 3.07 12.9 
34A 27.08 2.01 1.50 2.52 1.28 64.8 
19.03 1.82 1.47 2.44 4.12 33.8 3.40 
37A 20. 2.21 2.07 2.34 0.87 12.5 3.27 


leaching, they also are being changed the unceasing effects climatic 
conditions. 

Although decidedly well supplied with organic carbon and with nitrogen, 
the heavy clay soils are addition the best supplied any the soil groups 
with calcium and magnesium. They possess also relatively high percentages 
total potassium and phosphorus. 

One observable difference soils within this group the higher phosphorus 
content those from the lower Ottawa valley over those from the St. Lawrence 
and Richelieu valleys. general, also, the heavy clays the western part 
the area under consideration have higher percentages the sesquioxide bases 
than those the eastern part. Examination additional samples from these 
areas desirable order check these conclusions. 


Sandy Clays (terre franche) 
This group includes those soils which, within few inches the surface, 
contain sand mixed quite uniformly with clay, thin sheets layers rather 
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TABLE XVIII 
PHYSICAL AND BIOLOGICAL CHARACTERISTICS OF LOWLAND PODSOL SOILS 
Moisture | Moisture | Nitrate | Nitrate | Carbon Bacteria 
Water- | in fresh in soil | nitrogen | nitrogen | dioxide, and 
Sam- Period | holding soil as after in- | in fresh | after mgm. actino- 
ple Date incu- cubation soil, incu- per Date myces 
num- | collected | bation, fresh water- as % of parts bation, | 100 gm. plated per 
ber 1930 days soil, holding water- per parts soil gm. 
% cap’y holding million per per soil 
million 100 hr. 
104 Sept. 488 26.7 70.4 40.6 trace 86.7 4.3 Sept. 4,414,000 
102 | Sept. 3 488 #.2 79.5 65.4 2.92 129.5 4.6 Sept. 8 5,707,000 
July 449 44.2 68.6 56.0 0.00 71.0 15.5 Aug. 2,354,000 
73 | June 19 441 $2.6 71.1 57.2 0.00 126.4 24.6 June 20 4,215,000 
June 400 39.2 91.3 70.3 0.00 111.0 29.3 June 1,835,000 
June 399 35.4 93.8 70.1 0.00 80.2 21.7 June 1,771,000 
Aug. 446 44.4 95.7 95.2 trace 112.3 17.0 Aug. 4,192,000 
July 463 46.6 111.8 94.7 0.00 114.2 23.8 July 2,469,000 


than pockets. many cases they show incipient podsolization but 
case distinct leached layer apparent, but rather only slight variation 
shade between horizons. Though rather closely related the lowland podsol 
group, the sandy clays are distinguishable from them the virgin state 
their physical appearance, well chemical differences. 

will noted reference Tables XIII and that the sandy clays fall 
little short the heavy clays the balance their fertility constituents and 
the total percentages. all cases observed, however, the surface soils 
the sandy clays differ more markedly from the subsoils, than the case the 
heavy clays. 

significant fact that the sandy clays and the lowland podsol soils are 
more poorly drained than the heavy clays. This caused accumulation 
the lower layers clay particles carried down from the fairly open layers 
the surface. This accumulated dispersed clay the subsoil prevents the free 
passage water, resulting water-logged soil, with all its disadvantages. 
When one considers the characteristic flat, very gently sloping, topography 

the clay regions this province, together with the clogged condition the 
subsoil referred above, the significance poor drainage factor causing 
low fertility these soils may appreciated. general rule the subsoils 
the heavy clays are much better physical condition than those the 
sandy clays. 

This transportation clay particles from upper lower layers directly 
caused the acid organic matter present the surface layer. the con- 
centration lime sufficient ensure coagulation the organic sols gels, 
the organic matter acts altogether beneficially. lime deficient, and its 
deficiency the surface soils the sandy clays indicated uncertain 
manner their high lime-requirement values, the soluble organic matter 
the surface soils directly causes the loss clay from these surface soils. Both 
the organic matter and the mineral clay particles are colloidal nature. The 
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TABLE XIX 
PERCENTAGES SOME CONSTITUENTS SURFACE SOILS AND SUBSOILS 


Per cent Ratio 
detritus 
Sample Ratio 
number diameter C/N 
(air-dry 
basis) 
55.06 13. 2.05 
73.68 16.0 1.45 
21.67 11.8 2.57 
22.49 9.4 3.01 
59.60 3.00 
69A 68.81 2.99 
53.78 13.8 3.03 
68A 77.43 3.7 2.21 
20. 2.48 
83A $7.20 16.5 2.17 


acid organic matter colloidal solution protects the clay particles, keeping 
them suspension, and preventing their precipitation until the lower levels 
the soil are reached. 

The total content lime the sandy clays about the same the heavy 
clays, but the high lime requirement the surface soils compared with that 
the subsoils illustrates the acid condition the surface layers these soils, 
the acidity being produced from organic matter the absence active calcium. 
Lowland Podsols (terre légére) 

previously mentioned, these soils are related the sandy clay soils, the 
main difference between the two being that the lowland podsols have distinct 
leached layers and have less clay their surface soils, although they usually 
possess subsoils which may grouped only clays. 

The lowland podsol soils, that they have suffered extremely from leaching, 
and because the fact that the virgin state they contain the least amount 
organic matter any the soil groups studied, are the most typical podsol 
soils, defined Russian workers, thus far encountered this province. 
The distinctions between this group heavily podsolized soils and the ‘‘upland 
group will discussed later. 

most cases the lowland podsol soils occur water-deposited sand 
gravel beds. the case the two previously discussed soil groups, they 
occur anywhere throughout the lowland region (below 400 ft. above sea level) 
the area under consideration. 

The surface layers these lowland podsol soils are strikingly deficient 
sesquioxide bases, phosphorus and available calcium, though the phosphorus 
content the subsoils means low, and the total calcium content 
whole high. The magnesium, carbon and nitrogen contents the soils 
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TABLE 


PERCENTAGES SOME CONSTITUENTS SURFACE SOILS AND SUBSOILS, 
AND UNCLASSIFIED SOIL 


Brown earth soils 
108 19.10 0.97 1.48 3.43 0.26 0.12 0.18 13.4 3.39 
108A 1.06 1.33 1.71 1.09 0.08 0.12 4.3 4.43 
16.74 0.97 0.85 2.11 3.55 0.28 0.13 0.13 3.94 
72A 17.13 1.02 2.22 0.78 0.07 0.14 0.06 10.5 4.24 
19.00 0.83 1.39 1.53 4.60 0.40 0.18 0.16 11.5 3.24 
21.85 0.82 2.28 1.71 1.14 0.13 0.16 0.08 8.8 2.97 
14.61 2.83 1.23 1.84 0.17 43.5 4.47 
16.23 2.91 1.58 1.58 1.23 0.11 0.16 12.0 4.41 
17.20 2.62 1.65 1.82 4.91 23.0 3.77 
99A 19.47 3.73 2.74 2.38 1.21 0.10 0.23 3.38 
20.94 3.13 2.09 2.00 4.24 0.37 0.23 0.16 11.3 2.94 
43A 25.12 2.71 2.03 0.60 0.03 0.21 0.05 7.7 2.50 
Unclassified soil 
105 1.74 1.24 1.93 2.35 0.14 0.25 17.1 3.50 
20. 1.72 1.59 1.93 0.81 0.04 0.18 0.07 23.1 3.45 


whole are the lowest any the groups studied. This low content mag- 
nesium interesting and probably highly significant. The values the ratio 
the various soil classes illustrate the condition these soils with 
respect clear that these lowland podsol soils present 
set problems for study different from the Appalachian upland podsol group 
discussed later. 


Orchard Soils 


The most fertile soils encountered these studies belong this group, and 
are arbitrarily named soils because: (a) apple trees, even without 
spraying any other attention, have been observed thrive them; 
(b) they are unsuitable for use general agricultural soils due their stony 
nature; and (c) they possess certain characteristics which clearly mark them 
off from the most closely related group, the earths”. They have been 
observed, generally height about 300 400 ft. above present mean sea 
level, and virgin soils the class have been sampled and analyzed from 
Missisquoi, Iberville, Rouville, Vaudreuil and Montmagny counties. They 
have been observed other regions also but the virgin soils were not sampled. 

These orchard soils are excellently drained and the organic matter, even 
considerable depth, mixed with flat-sided and angular rock fragments 
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TABLE XXI 


PHYSICAL AND BIOLOGICAL CHARACTERISTICS OF “ORCHARD”, BROWN EARTH AND 
UNCLASSIFIED SURFACE SOILS 


Carbon | | 


| Moisture | | Nitrate 


Water- Moisture soil Nitrate nitrogen dioxide, Bacteria 
Sam- Period | holding | in fresh after in- |nitrogen| after | mgm. and 
ple Date incu- cap’y, soil as cubation | in fresh | incu- | per Date actino- 
ber days soil, water- water- parts parts soil per 
% holding holding per per per gm. 
million million 100 hr. soil 
Orchard soils 
77 | June 25 449 77.1 70.7 60.7 trace 261.5 36.8 June 28 3,904,000 
71 | June 18 442 54.8 66.3 $5.7 trace 141.4 27.4 June 20 3,463,000 
83 | July 8 464 | 84.6 52.0 43.4 0.00 496.4 61.8 July 10 8,784,000 
Brown earth soils 
108 | Sept. 26 465 39.2 60.7 45.6 0.00 78.1 | 26.6 Oct. 6 6,977,000 
72 | June 18 442 56.8 61.1 45.9 0.00 102.5 | 20.4 June 20 3,671,000 
June 53.4 49.7 trace 162.5 29.1 June 10,230,000 
94 | Aug. 26 404 34.8 79.0 52.9 trace 161.9 15.0 Aug. 28 | 14,860,000 


Unclassified soil 


105 | Sept. 3 33.4 4,662,000 


8.7 | Sept. 8 


488 | 41.3 


18.7 | trace 


well with water-rounded boulders and pebbles. The and vigor attained 
sugar maple, elm and apple trees these soils noteworthy. Orchard 
soils are also characterized the depth which organic matter persists 
their subsoils and their extremely high content organic matter. Calcium 
and magnesium are not usually lacking any considerable extent and there 
naturally large supply phosphorus and potassium. both surface 
soils and subsoils the ratios between silica and the sesquioxides, and between 
carbon and nitrogen, are relatively low, which indicates the desirable condition 
existing the soil colloidal complexes. 

interest speculate the origin the organic matter which 
persists such depths these soils. very well decomposed and mixed 
with rock fragments. Since these soils are slopes, the possibility suggests 
itself that the organic materials may tree debris that has descended from 
further the slope. Another hypothesis that they may con- 
siderable part the remains plants and surface soils high organic matter, 
pushed into this position glacial water some cases these soils 
contain essexite and syenite rock fragments, others limestone fragments 
and still others red shale sandstone fragments rich potash. all 
instances the high total mineral content balances and helps modify the 
organic matter favorably. view their already high content and excellent 
balance total fertility elements, both acidic and basic, predictable that 
new and profitable apple orchard practices will developed these soils. 
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TABLE 


Ratio 


Appalachian region 


78 19.37 0.53 1.05 1.42 4.94 
78A 16. 83 0.69 1.34 2.08 0. 87 


16.72 0.59 0.65 1.89 
79A 17.98 0.87 1.46 1.74 2.09 


107 11.87 0.29 0.54 1.34 
107A 17.39 0.81 1.20 1.11 


> 
a 


109 10.09 0.37 0.43 0. 5. 
109A 0.63 0.96 0.82 1.75 0.06 0.09 30.7 4.26 


110 17.41 0.65 0.78 1.75 3.26 
110A 18.97 1,25 0.94 1.65 0.80 


17.67 0.64 1.49 3.70 
0.72 0.77 1.33 1.63 


o 
w 


Laurentian region 


20.91 1.89 1.17 2.17 6.28 
97A 22.26 2.33 1.90 2.52 2.23 


38 18.01 2.62 1.52 1.99 7.90 
38A 18.95 3.27 2.01 2.18 0.83 


33 
ow 


Brown Earth Soils 

The brown earths, they occur the upland Eastern Townships region 
Quebec, have been briefly described elsewhere (8). They occur very widely 
distributed throughout the region under discussion and may defined inter- 
mediate several respects between the orchard soils and the upland podsols. 
Their fertility far less than that the orchard soils though they are quite 
well supplied with organic carbon and nitrogen. The leached, ash-like layer 
characteristic the podsols absent, the constituents leached from the upper 
layers being uniformly distributed throughout the upper foot the soil. 

They contain many cases large and small fragments rock. These 
fragments, which may slate, shale, sandstone, limestone, etc., are 
ling, and many cases supply the soil with useful minerals. The better 
mineral supply undoubtedly helps differentiate these soils from the upland 
podsols and obviate the worst effects leaching. 

The brown earths usually occur lower elevations above mean sea level 
than the upland podsol soils and are ordinarily more fertile. will 
observed that the brown earths are distinctly better supplied with the oxides 
iron, aluminium and titanium, and with phosphorus, potassium, calcium 


PERCENTAGES OF SOME CONSTITUENTS OF UPLAND PODSOL SURFACE SOILS AND SUBSOILS 1 
0.33 0.16 0.16 | 14.8 3.33 
| q 
0.25 0.19 0.14 29.3 2.86 
0.10 0.26 0.10 25.6 2.77 
i 
0.31 
0.15 
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TABLE 
PHYSICAL AND BIOLOGICAL CHARACTERISTICS UPLAND PODSOL SURFACE SOILS 


Moisture Nitrate | Carbon 
Water- Moisture soil Nitrate nitrogen dioxide, Bacteria 
Sam- Period holding fresh after after mgm. and 
ber days soil, water- water- parts parts soil per 
% holding holding per per per gm. 
million million 100 hr. soil 
Appalachian 
78 | June 25 449 63.9 78.7 81.4 0.00 188.2 25.1 July 2 8,256,000 
79 | June 25 449 70.9 74.2 63.3 trace 159.2 19.9 June 28 4,063,000 
107 | Sept. 26 465 50.8 104.2 83.6 0.00 92.4 11.1 Oct. 6 5,140,000 
109 Sept. 465 43.7 100.5 84.1 0.00 59.5 15.1 Oct. 3,495,000 
110 | Sept. 27 465 43.3 93.6 0.8 0.00 184.4 21.5 Oct. 6 4,312,000 
111 Sept. 73.1 42.4 0.00 139.3 10.6 Oct. 4,415,000 
Laurentian 
97 | Aug. 26 464 56.0 73.4 61.5 trace 154.1 8.7 Aug. 28 | 10,510,000 


and magnesium than are the upland podsols. Their contents acidic and 
basic constituents are also better proportioned. 

The ratios carbon nitrogen, magnesia lime and silica the com- 
bined oxides iron, aluminium and titanium, are all considerably narrower 
than are the corresponding ratios the upland podsol soils. 

Upland Podsols 

This group soils has been previously described some length (8), but 
because its wide distribution will discussed further. These soils are 
the highest, except the orchard soils, their content organic carbon. They 
are quite well supplied with total nitrogen, total phosphorus and total sulphur. 
The basic mineral constituents, however, are lacking very considerable 
extent. Not only are the bases, iron, aluminium and titanium, 
deficient, but will seen that calcium, magnesium and potassium are very 
deficient both surface soil and subsoil. will recalled that the lowland 
podsol soils group show quite different deficiencies total quantities 
elements, than the upland podsols. Also, the subsoils the lowland podsols 
compare favorably with the subsoils the heavy clay and sandy clay soil 
groups mineral fertility elements. 

The upland podsol subsoils are better supplied mineral fertility elements 
than are the This fact reflected the ratios between silicon 
dioxide and the combined iron, aluminium and titanium oxides the surface 
soils and subsoils. The suggestion has been made previously, (8), that the 
better mixing surface soils and subsoils through the practice deep plough- 
ing should, the course time, effect improvement the fertility these 
soils. 
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The outstanding characteristic the upland podsol group the high content 
organic matter compared that the significant base elements. The club 
moss hummocks existing these soils their virgin state, and the cold, wet 
nature their surface soils, which show poor drainage the presence small 
quantities mineral colloids, reflect the state this organic matter. The 
agricultural soils the area which the upland podsols are characteristic 
are most cases, light brown almost yellow-brown color, instead 
being dark colored, they should be, considering their high content organic 
matter. this high content organic matter that hope lies for the 
improvement these present infertile upland podsol soils. the weight 
acre surface soil depth in. estimated 2,000,000 Ib. (and 
this probably conservative estimate), then, with average nitrogen 
content 0.27%, these soils contain the average 5400 Ib. total nitrogen 
feasible and economic methods for its release can evolved, likely that 
the fertility the upland podsols may greatly increased, even the 
absence high total contents calcium, magnesium and potassium. 

The ratio MgO/CaO very much higher these upland podsol soils 
than any the other groups, and would seem that the influence mag- 
nesium must highly significant factor these soils. 

The upland podsols the Appalachian region are quite unlike those the 
Laurentian highlands. the case the latter, the soils the upland podsol 
group have not been chemically analyzed any extent, although they have 
been studied the field, but, from the evidence that possess, they present 
problems very different from those the Appalachian region. Their 
climatic and geological environments have been dissimilar. 


Discussion Microbiological Factors Surface Soils 

Moisture Relations 

Microbiological activity dependent some extent the amount water 
present the soil. regard the soils under consideration, the moisture 
content the samples the fresh state has been expressed Tables XIV 
XXIII percentage the water-holding capacity. The averages these 
values for the different groups soils studied were follows: upland podsol, 
85.4%; lowland podsol, 85.3%; sandy clay, 74.2%; and heavy clay, 62.2%. 
From these figures appears that the heavy clay soils, the time sampling, 
contained about the optimum percentage moisture for some phases micro- 
biological activity. The average water-holding capacity for each group, ex- 
pressed percentages oven dry soil, was follows: heavy clay, 55.0%; 
upland podsol, 54.1%; sandy clay, 46.4%; and lowland podsol, 39.7%. The 
high value the upland podsol group must due the amount organic 
matter present. 


Organisms 


first consideration with regard microbiological activities soil the 
well-established fact that these are affected season well soil con- 
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ditions. The samples used this investigation were collected between June 
and October 1930. not known what extent seasonal factors influence 
these activities virgin soils under the climatic conditions this area. Exact 
comparisons between fresh soils any one group are not therefore possible; 
this particularly true with regard numbers micro-organisms. Recent 
work (2, 12) has shown that, cultivated soil, seasonal changes even 
fluctuations intervals day less, amounting some cases much 
100%, may commonly occur. 

The numbers micro-organisms (bacteria and actinomyces) found these 
samples during the season suggest that soil type rather than season the 
dominant factor. Averages should, therefore, suggestive actual differ- 
ences, these exist, between the different soil groups. highest average 
and the highest maximum numbers are found the heavy clay soils; the lowest 
average and the lowest maximum numbers the lowland podsol soils. The 
average numbers found the latter soils are only one-quarter those found 
the heavy clays. The upland podsol soils contain about twice the numbers 
present the lowland podsol soils. The average numbers found the sandy 
clay soils are intermediate between those the lowland podsol soils and the 
heavy clay soils. 


Numbers Fungi 

Counts fungi made the surface soil and the subsoil 
samples. relation apparent between numbers fungi present the 
samples and the arrangement soils the groups, nor any apparent between 
numbers fungi and season, between numbers and locality from which 
the soils were sampled. There are, however, nearly always more fungi present 
the surface soil samples than the subsoils; several instances fungi 
all were found the subsoils. 


Nitrate Nitrogen 

There was little nitrate nitrogen any the soils the fresh state. 

Nitrification occurred all the samples after incubation, with the original 
moisture content, room temperature. The moist samples were stored 
glass containers that permitted aeration, and nitrates were determined once, 
times varying between 399 and 488 the time sampling. Nitrifi- 
cation was extensive though variable all the groups soils studied. 
the average, nitrification was highest the heavy clay soils and lowest the 
lowland podsol soils. Variation between soils the same group was high, but 
this does not appear due length incubation. 

the case seven samples: namely, Nos. and (sandy 78, 107 
and 109 (upland pedsols); and and (lowland podsols), the percentage 
saturation the fresh soil remained above 79.5% while nitrification was 
proceeding. Greaves (5) has found that with moisture 80% the water- 
holding capacity the soil, nitrification will proceed only far one-tenth 
the maximum nitrification that takes place the optimum moisture 
content, namely 60% saturation. The moisture contents the rest the 
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samples remained between and 79.5% saturation during the course 
nitrification. test nitrifying capacity was made after the soils had been 
air-dried and remoistened 60% saturation all samples. Determinations 
nitrate nitrogen, made varying periods 135 days, showed that 
nitrification was greater than assimilation nitrate the case the heavy 
clay soils, and the sandy clay soils, but remained stationary the two podsol 
groups. only one soil, No. 83, orchard soil, was any considerable re- 
assimilation nitrate nitrogen observed. this soil, during the time occupied 
drying, nitrates increased from 496 649 p.p.m.; days after remoistening 
the nitrate content had fallen 412 p.p.m. 
Carbon Dioxide 

Tables XIV XXIII show the amounts carbon dioxide evolved after the 
air-dried samples had been remoistened 60% their water-holding capacity. 
The differences between the soil groups are not great. The heavy clays, 
the average, are the most active, while the lowland podsols produce the least 
amount carbon dioxide. The mean value for the sandy clay soils, 23.5 mgm., 
largely due two samples only, Nos. and 82, which evolved 66.8 and 
46.3 mgm. respectively; the average the remaining samples this group 
17.6 mgm., figure nearer the mean the two groups podsol soils. 
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SPECIFIC HEAT AND DISSOCIATION SIMPLE 


Abstract 


The specific heat constant volume methane, ethylene and acetylene has 
been computed from the vibrational frequencies involved Raman effect and 
infra-red bands, and found agree with experiments recent date. From the 
overtones the infra-red methane band 3022 heat dissociation into 
probably CH; and 101 cal. per mole may deduced. The number 
collisions which the energy could transferred from molecule molecule 
too small, however, even 1,000° C., account for the splitting methane 
into CH; and quartz tubes where the initial stage catalytic effects are 
likely that the slower and the symmetrical vibrations lead lower 
level dissociation into and and that the finite time during which the 
molecule remains these vibrational states influences the results. The need for 
studying the velocity ultrasound gases order gain better knowledge 
thermal decomposition processes pointed out. 


The Specific Heat Methane 


several fields practical importance reliable knowledge the specific 
heat methane and other hydrocarbons required. Despite the fact that 
large masses methane are recovered treated high temperatures, atten- 
tion had repeatedly called the fact that there existed serious dis- 
agreement between the theoretical and experimental values the specific 
heat the gas (11). will shown that the difference becomes smaller 
when more probable frequencies vibration the methane molecule are taken 
place those hitherto used. 

The energy which has furnished the rotational motion the molecule 
when the temperature the gas increased reaches its full value, per 
mole (where R=1.985 cal.), 80° K., that, methane boils 111.5° 
(—161.6° C.), the specific molecular heat constant volume the vapor 
gas will least cal. when measured above 100° this low tem- 
perature practically energy used for increasing the vibrations the 
atoms (1, 12). 

The methane molecule may represented tetrahedron having the 
carbon its centre and the hydrogen atoms the corners, each linkage 
being formed pair electrons having opposite spins, one contributed 
the carbon atom and one hydrogen atom (3, 98, 14, 18, 22). 
This model yields nine degrees freedom for the vibrational motions, and 
these motions may resolved the following way. First, there fi, 
vibration which all the hydrogen atoms osciflate along the lines joining 
them the The shape the molecule remains unchanged, 
though course the lengths the sides change. The centre gravity 
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atoms and charges remains fixed during the displacement and lies within the 
carbon atom, the motion being perfectly symmetrical. Second, there less 
symmetrical vibration the hydrogen atoms upon the surface the sphere 
passing through the corners the model, with the carbon atom stationary 
the centre. Such motion surface involves two degrees freedom 
possessing, however, the same energy, the same frequency. Third, there 
are the triple frequencies and which the carbon atom changes its 
position with respect the hydrogen atoms. Such motion three dimen- 
sions alters the position the centre the electrical charges, and leads the 
emission and absorption radiant energy. The strong infra-red bands 
wave-numbers 1304 and 3022 correspond these displacements. 
the other hand, Raman scattering methane gives three lines bands 
which may used for determining vibrational frequencies: one very strong 
line 2914.8 (intensity 20), very weak one (intensity 3071.5 and 
band lines between 3261.2 and 2814 which latter corresponds the 
well-known infra-red emission 3.3 strong lines with the wave- 
number difference 2915 are due the perfectly symmetrical oscillation 
the hydrogen shell. The vibration predicted give Raman lines about 
1520 the exciting radiation (7, 13) fails appear the plates; 
but known that Raman scattering unlikely produce with great 
strength vibrational transitions involving slight changes the electrical 
moment the molecule (16). the other hand, the frequency 1520 
seems high view the fact that CBr, and the ratio 1.49 
and 1.46 respectively, that for methane value between 900 and 1304 
much more probable for than 1520 The shift 1100 seems 
explain the infra-red bands observed (Table the same extent, but, 
the older value still more less generally accepted, the computation will 
given for both frequencies. There seems, the whole, sufficient reason for 
establishing the following correspondence between the possible frequencies 
vibrational motions: 2915; 1100 (1520); 3022; 


TABLE 


INFRA-RED BANDS METHANE (7) 


1.69 
2.42 1.4 
1.15 


*In this table stands for and for 
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The part the specific heat per mole which must allotted vibration 
the atoms given the formula 


where the number degrees freedom the corresponding vibrational 
frequency the absolute temperature, and deg. sec. 
When, usual, the frequencies are indicated wave-numbers, multiplication 


become necessary consider harmonic, well fundamental, frequencies, 
least when dealing with slow vibrations. The fraction methane molecules 


TABLE 
VIBRATIONAL ENERGY METHANE CALORIES 
i 
Vibration Vibrational energy, cal. 
(0.0010 0.414; 0.868 1.051 1,520) 


TABLE III 
MOLECULAR HEAT, C,, METHANE 


Molecular heat, cal. 
°K. 


Computed from Computed from 

173.0 6.05 6.01 
273.0 "6.38 
373.0 8.20 7.40 
573.0 11.11 10.22 


673.0 12.51 11.68 


hf; 
kT fi 
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which possess one quantum energy vibrational frequency 
(or 0.16 volt) 0.0009 273° K., 0.03 546° and 0.17 Below 
800° the proportion these molecules 
therefore quite small. (Moreover, higher 
temperatures, partial dissociation meth- 
ane sets with absorption additional 
amountof energy which increases the specific 
heat the gas. silica bulbs the first sign 
therefore not useful compute much 
beyond this point.) which 
the range temperatures where Fic. heat methane 
appreciable decomposition takes place curve computed with 
Table III for the molar heat, C,, Ethane (experimental values marked 
The agreement between theory and from empirical formula, lowest 
the case nitrogen and oxygen (8). Fig. contains for comparison the values 
obtained for water vapor (21), the frequencies used for drawing the curve 
being 3654, 1648 and 984. 


Vibrational Frequencies and Dissociation 


The absorption spectrum methane gas shows band the far red com- 
posed lines lying between 6500A and 9500A, which may identified the 
third overtone (v’ the fundamental absorption band 3.3 The first 
and second harmonics lie 1.69 and 1.15 the progression bands being 
represented the formula (2), 

long and therefore somewhat uncertain extrapolation leads n=23 
the value which the vibrational frequency falls zero, that the molecule 
falls apart. this stage the total vibrational energy accumulated would 
have increased 35,926 about 101 cal. This also nearly the energy 
indicated from thermochemical considerations being necessary for the 
removal one hydrogen atom from the methane molecule (110 130 cal.). 

the case diatomic molecules, there is, however, absorption radia- 
tion the region corresponding this heat even the absorption 
the third overtone becoming appreciable only when columns great length, 
about atmospheric pressure, are used (2). the other hand, the 
number collisions which the relative kinetic energy both particles 
exceeds the value 115 cal. per mole negligible, even temperatures 
more than 1,000° C., given the formula (17), 
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where the total number collisions which single methane molecule 
makes per second 273° K., 546° 
1092° K., and 1373° K.). may seen 
from Table IV, which gives the proportion collisions which the relative 


TABLE 


COLLISIONS METHANE MOLECULES WHICH THE RELATIVE ENERGY 
EXCEEDS CAL. PER MOLE 


calories 


energy exceeds the value cal. per mole, that even 1100° methane mole- 
cule collides with second molecule possessing relative energy 115 cal. 
per mole only once about 1600 sec., and then means likely that 
the whole energy can used for increasing the vibrational motion. the 
assumption that particle rest acquires the internal energy from the 
impinging methane molecule, the laws governing the impact between neutral 
particles demand that takes the same time equal amount trans- 
lational energy, the velocity the second particle after the collision being 
given the following formula: 

where the velocity the first molecule before hits the second and 
the mass the methane molecule (10, is, order take the 
energy internal energy, a-molecule must hit particle the same 
mass, but possessing least the kinetic energy practice, the experi- 
ments thermal dissociation are carried out fairly small vessels narrow 
tubes (5, 23), sometimes metal, but more often quartz porcelain, 
which case catalytic effects may rendered small, least during the initial 
stage, but where the methane molecules may pick energy from the vibrating 
atoms forming the solid wall. the high temperatures employed, the exact 
frequency distribution these oscillators may deduced from Born and 
theory specific heat. Taking into consideration only the average 
energy the molecules forming the wall the vessel would change the 
number collisions from the number molecules striking normally 


sq. cm. per sec. being where the number molecules per 
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cubic centimetre, and the mean square velocity the molecules, equal 


cm. per sec. These collisions become important only 
low pressures and narrow tubes (17, 23). 

seems quite possible, however, that the overtones the symmetrical 
mode vibration 2914 converge lower limit dissociation than 
those the infra-red band. The vibrational levels nitrogen compared 
with those carbon monoxide may cited support this assumption. 
The energy required for removing second hydrogen atom from CH; has been 
estimated cal. per mole, that the molecule can decomposed 
single step into and only about cal. per mole would required. 
This, any rate, one value which has been observed for the heat activation 
the thermal decomposition near solid wall over- 
tones have been established for the symmetrical vibrations, and strong Raman 
lines are theoretically restricted the fundamental frequency differences, 
least the lighter molecules. Overtones could obtained only means 
very long exposures and under the influence strong external forces. The 
vibrations and their side, definitely point smaller force holding 
the atoms place, and therefore the existence lower limit breakdown, 
that far the vibrational motions the atoms are concerned, there 
little likelihood that CH; and form the first products the decomposition 
the methane molecule heat (9). 

Work the velocity ultrasonic waves gases has addition called 
attention another factor which must taken into account when methane 
rapidly drawn through hot quartz tubes, namely, the finite time during 
which molecule remains its vibrational state (9). Towards frequencies 
over 10° cycles per sec. compound gas behaves had one several 
degrees vibration less than the normal state, because there not sufficient 
time excite the slow vibrations which capable performing before the 
adiabatic compression the cycle has already vanished. This results 
persistence the vibrational state the order 10~° sec. the case the 
infra-red carbon dioxide band 14.7 (675 and probably more for the 
symmetrical motions. 

During this time molecule suffers large number collisions and may 
times accumulate excess energy before the steady state has become established, 
fact not usually considered the kinetic theory chemical reactions. 
will great interest therefore extend the study the velocity ultra- 
sonic waves gases which the slowest vibrations are perfectly symmetrical, 
and are sufficiently well excited ordinary temperatures, the case 
chlorine. Chlorine molecules are capable only one type vibration, 
symmetrical vibration frequency 560 and C., fraction 
about 5.3% the total number the molecules are this state (9). 
other words, one molecule possesses the corresponding energy vibration 
during about 0.05 sec. against 0.03 sec. the case the lowest, active 
vibration (675 still larger influence the velocity high- 
frequency sounds may expected the cases ethane, ethylene, acetylene 
and other hydrocarbons discussion their specific heats will show. 
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Specific Heat Ethane, Ethylene, and Acetylene 


contrast methane, the molecules ethane, ethylene and acetylene 
possess several frequencies vibration which are fairly well developed 
room temperature, and which are likely therefore influence the velocity 
high-frequency sound waves. the first group oscillations the carbon and 
its attached hydrogen atoms one-half the molecule move with respect 
the atoms the second half the molecule, the possible displacements 
involving seven degrees freedom represented five distinct frequencies (3). 
There first the symmetrical vibration the carbon atoms, with the hydrogen 
atoms remaining practically place (frequency second, that one hydrogen 

group toward the other hydrogen shell 

along the line least inertia, that is, the 

line joining the carbons, (inactive frequency 
third, the optically active vibrations 
the radical whole towards the two 
groups moving phase, the change 
the electric moment taking place either 
along the axis joining the two halves 
the molecule (frequency v3), plane 
perpendicular (active frequency 
and finally, the nearly symmetrical vibra- 
tions the hydrogen group with respect 
the carbon which not directly bound, 
the displacement taking place normally 
the axis (double frequency the 
case the acetylene molecule where the 
atoms are strung out along the same 
double frequency, because the group 
may move not only along line, but 
plane perpendicular the figure axis (2). 
Fic. Structure the ethane molecule. This exhausts all the possibilities the case 
acetylene, where indeed five different fre- 


quencies have been established (13): 1980; v2, 3320; 3277 730. 


(13.7 590 view the great stability the molecule, must 
assumed that the overtones are nearly harmonic. the case ethane and 
ethylene, additional optically active oscillations are possible within each half 
the molecule. Each —CH; pyramid, for instance, possesses four distinct 
frequencies representing six degrees internal freedom (Fig. 2). These are 
first the vibrations the hydrogen atoms approximately along the 
lines pointing the centre gravity the triangle, and causing slight 
displacement the carbon atom, such that the electric moment oscillates 
along the axis symmetry (frequency v7) the plane perpendicular 
(double frequency last group vibrations corresponds the motion 
the three hydrogen atoms moving now whole with respect the carbon 
atom which they are bound, the plane the triangle remaining parallel 
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itself. The carbon atom may move along the axis (frequency the 
plane perpendicular (frequency all the frequencies appearing 
one pyramid also belong the other half the molecule, the total number 
frequencies for ethane 18. Resonance effects between the two halves 
may influence somewhat the frequencies each half the the 
case ethylene, where all the atoms lie the same plane, each triangle 
possesses three kinds oscillations, the total number frequencies being 
12, agreement with the formula giving the total number degrees 

The frequencies vibration are then, for shown above; for 
(6.8 The number strong Raman frequencies observed 
smaller than expected, feature common heavier molecules where all 
the oscillations tend become active (1). Still lower Raman frequencies 
would appear molecules with long carbon chains were examined, until 
the limit, the vibrations are fully excited room temperature, the influence 
the finite life the molecule its vibrational state being then outweighed 
that the large number collisions capable causing the molecule 
oscillate. The agreement between the computed and the observed values 
the specific heat shown Table satisfactory, but there consider- 
able uncertainty the values the frequencies which seem have been 
taken .from combination bands (13). the case ethylene the values 
obtained suggest that the carbon and the two hydrogen atoms lie nearly 
straight line. 


TABLE 


Temperature, °C. 
Specific heat, 


cal. per gm. mol. 64.4 100 
Acetylene 
Obs. 8.4 
Cale. 8.6 9.9 
Calc. 8.6 
Ethane 


4 
7 
4 
4 
4 
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